PREFACE 



To The Seventeenth Edition 



The first edition of the Dictionary of Photography, published nearly 60 years ago, was a 
reprint, with some small additions, of an explanatory glossary of photographic terms that 
had appeared, in serial form, in The Amateur Photographer. In the hands first of its original 
author, the late E.J. Wall, and the successive editors, the Dictionary has by degrees been 
extended into a complete reference-book for the practicing photographer, whether amateur 
or professional. Each edition, in its turn, has provided a concise and reliable summary of 
the photographic practice of its day. 

The present edition, the Seventeenth, like its predecessors, makes no attempt to appeal to 
the scientist or research worker, but contents itself with a scientific basis no deeper than is 
required to enable the practicing photographer to understand, and so surmount, the 
difficulties that he may encounter in the course of his work. The main emphasis of the book 
lies on the practical side, and very full details are given of all current procedures and 
processes. In the case of the most important subjects, the articles have been expanded 
almost to the proportions of s small handbook. Several of these longer articles have been 
entirely recast for this edition, often not so much to include new facts as to reflect changed 
viewpoints. A number of new articles have been added, and many old ones have been 
revised, extended and brought up to date. Though a number of minor articles referring to 
matters no longer of interest have been deleted to provide space for expansion, working 
details, even if brief, for all such older processes as have been of real value and importance 
in the past are still retained. 

It is hoped that the Seventeenth Edition of the Dictionary will serve the present day 
photographer as well as earlier editions served his predecessors. Every effort has been 
made to render it as complete a storehouse of useful photographic information as necessary 
limits of size permit, and in particular to exclude all errors and inexactitudes. Nevertheless, 
errors and omissions may exist, and the Editor will always be glad to hear from readers 
who can offer suggestions or corrections that may be incorporated in a future edition. 
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A. In chemical nomenclature, a as a termination has been 
widely used in the past to indicate indifferently the oxide or 
the hydroxide of an alkaline or alkaline earth metal ; as 
alum in -ft, lithptf, potassi-a, stronti-si, or magnesi-s. Also 
as a termination for the names of alkaioklal organic com- 
pounds, as morphia, but in this latter case the syllable -ine 
is preferred, as morph-me. As a prefix in scientific and 
technical names, a signifies negation, from the Greek privative 
prefix ct ; as " chromatic " having relation to colour, " a-chro- 
matic" not having relation to colour. 

Ab axial. In optics, not coincident with the axis. The 
term is applied to the oblique or marginal rays of light passing 
through a lens. 

Aberration* Defects in the performance of a lens or mirror 
which prevent it from giving an absolutely sharp image. Com- 
plete removal of all aberrations is impossible, both theoretically 
and practically, but in a welt-designed photographic lens the . 
residual aberrations are small. The aberrations inherent in 
any optical system of transparent material with spherical 
surfaces are ; chromatic aberration, spherical aberration, 
coma, curvature of field, astigmation, and distortion, (See . 
under these headings.) 

See also Lkns. 

Abrasion Marks, See Stkuss Marks, 

Absolute. PuTe or unmixed : often applied to alcohol 
almost entirely free from water. (See Alcohol.) 

Absolute Temperature ; Absolute Zero, Since the tem- 
perature of a body is the expression of molecular move- 
ments, complete withdrawal of heat would cause the cessation 
of these movements. The temperature at which this occurs 
has been accurately determined, and is approximately — 273 0 C, 



Absorption Acetic Acid 



(—459° F.). Since no lower temperature is possible, it is 
called the Absolute Zero, and temperatures reckoned from it, 
in Centigrade degrees, are called Absolute Temperatures. A 
temperature of 30 0 C. would thus be 303° A., and — 30 0 C. 
would "be- 243 0 A. Sometimes written 243 0 K. to com- 
memorate the work of Lord Kelvin. (See Thermometer and 
Thermometry.) 

.. 

Absorption. In optics, the partial destruction of light in 
passing through a medium : for example, a blue glass may 
absorb all rays but the blue rays, these latter being trans- 
mitted. Also the destruction of light by an opaque body, 
another form of energy (generally heat) being produced. 

Accelerator. A term often applied to the alkaline con- 
stituent of a developing solution, because increasing tEie 
amount of alkali in all normal cases speeds up the action of a 
developer. The most com m on I y met accelerator is probably 
sodium carbonate, but potassium carbonate, and sodium or 
potassium hydroxides, are also used. Trisodium phosphate, . 
and especially borax and sodium metaborate, arc usually 
preferred in negative development ; ammonia, once almost 
the standard alkali, has now dropped out of use almost com- 
pletely. (See Development and Fine-Grain Development.) 

Acetate Film, Film in which the base, instead of the 
highly inflammable cellulose nitrate ('" celluloid ") is of cellu- 
lose acetate, which, though it can be consumed by fire, will not 
flare up. This " non-flam " or " safety " base is used for sub- 
standard cine films, and for many 3 5 -mm. films for miniature 
cameras. 

Acetic Acid (Fr. T Aotde Acelique ; I tab, Acido Acetico ; 
Ger., Essigsdure). Formula, CH 3 COOH ; molecular weight, 
60 ; synonym, Purified Pyroligneous Acid. The earliest known 
acid. In dilute form as vinegar by the fermentative oxidation 
of alcohol, but now largely prepared from wood by destructive 
distillation and subsequent purification. There are three 
commercial strengths. 

Glacial Acetic Acid contains about 99 per cent, of acid and 
t per cent, of water. Its specific gravity varies from 1-065 to 
1066. When cooled to 62 0 £. it solidifies into a mass of 
crystals, and remains solid till the temperature is raised. From 
this property is derived the term glaciaL Care should be 
exercised in handling this, as it is distinctly corrosive ; if 
any should by chance be spilt upon the naked skin, it should 
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Acetone 

be washed oif immediately, it is a, poison, by reason of its 
cans tic properties — the obvious chemical antidote being chalk 
or a bicarbonate. It is iniscible with water and alcohol in 
all p ro po r u o ns , The glacial acid is hi gftly inflammable . 

Commercial " Strong " Acetic Acid, This is one-third the 
strength of the glacial acid, and contains about 33 per cent, 
of real acid. It can be conveniently prepared from the glacial 
acid by mixing with it twice its own quantity of distilled 
water. It is sometimes known as " Beaufoy's Acetic Acid/' 
ur "Acetic Acid B,P," Specific gravity, 1-044, 

■2& p&y cent. Acetic Acid. Acid of this strength, though not 
commonly sold ill this country, is specified in many American 
formulas. It may be prepared by adding 3 parts (by volume) 
of glacial acid to 8 parts of water. Specific gravity, 1-0388, 

Dilute Acetic Acid. Made by mixing 1 part of ff strong " 
acid and 7 parts of^istilled water, and sold as " distilled 
vinegar." Specific gravity, 1-006. It contains abont 4 J per 
cent, of acid. 

An easy way of approximately testing the strength of pure 
acetic acid is by determining the specific gravity by means of 
a hydrometer. 

The chief photographic use of acetic acid is in hardening fixers 
and as an acid stop -bath for papers. It is also used in certain 
toners and intensiners, and as a general-purpose mild acid. 

Acetone, Formula, CH 3 COCH 3 , or di-methylTtetone. A 
volatile liquid having a pleasant et herons odour, prepared by 
the dry distillation of acetates — calcium acetate, for instance. 
Acetone mixes with water or alcohol in all proportions, boils 
at about 57 0 C. t and as it reacts with sodium sulphite to produce 
sodium hydroxide, may be added, instead of alkali, to a 
developer containing sulphite, (See Pyro- Acetone under 
Development.) Acetone is a powerful solvent of most 
resinous substances, and it also very readily dissolves pyroxy- 
line ; hence is of special use in repairing articles made of 
celluloid, The edges being well softened by acetone and 
pressed into close contact unite firmly, and when dry the 
article may be as good as if unbroken. It is used thus for 
splicing cine films. Small baths, dishes, or protective casings 
may be easily made from old celluloid films by taking ad- 
vantage of the softening action of acetone on celluloid. A 
compound of acetone with acid sodium sulphite, and known 
as acetone sulphite, has been used in development formula? 
as a substitute for sodium sulphite or potassium nictabisulphite, 
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Acetylene ,, Acid Fixing Bath 

Acetylene. C a H 2 = 26/ A gaseous hydrocarbon ob- 
tained by E, Davy, in 1836, by treating an impure potassium 
carbide with water; and somewhat later by Wohler, who 
obtained it by the action of water oti calcium carbide 
Acetylene has been suggested as a standard light source for 
the measurement of plate-speeds, photometry, etc. It is 
still occasionally used for enlarging or projecting lantern-slides 
when electricity is not available. 

Achromatic prefix signifying negation, and xp<*>f**nK6 c 
coloured), when applied to a lens, signifies that it has been 
substantially corrected for chromatic aberration, so that the 
focal length does not depend on the colour of the light being 
used. The correction is usually effected by combining two 
glasses having different dispersive powers, as, for instance, a 
convex crown-glass lens with a concave flint-glass, or by 
enclosing a flint negative between two crown positives 
(See Lens.) 

Acid Fixing Bath, A simple solution of hypo (sodium 
thiosufphato, Na a S 2 O s 5H fl O) is completely effective as a fixing 
agent, but surfers from certain incidental disadvantages that 
have led to its virtual disappearance from photographic 
practice. Developers are almost always alkaline, but with 
the exception of amidol they lose their activity if made acid. 
In a plain hypo bath, developer carried over in print or film 
continues to act until it is washed out, so that development 
may continue unevenly if one print lies on top of another. 
Further, developer carried over will oxidise, so colouring the 
hypo bath and allowing stains to develop if conditions are 
favourable. And finally, the hypo bath, if much used, becomes 
alkaline, in which condition it has a strong tendency to soften 
the gelatine, increasing the likelihood of frilling, reticulation, 
blisters and mechanical damage. 

Any but the weakest acid will decompose hypo, with the 
liberation of a yellow precipitate of finely- divided sulphur. 
This decomposition, which is enormously accelerated by rise 
in temperature, _ can largely be prevented if a sulphite is 
present. To acidify a fixer it is therefore- usual to add to it 
either a mixture of sodium sulphite and an acid, preferably 
acetic acid, or a bisulphite, which behaves like a mixture of 
normal sulphite with free sulphurous acid. Excess even of 
bisulphite sfiouid be avoided, or sulphur may precipitate on 
standing in warm weather,; as a safeguard, extra sulphite 
should be added, the bisulphite should be mixed with the hypo 



Acl(Ilty Actinic Focus of Lens 

at or shortly before the time of use, and the quantity added 
should be carefully measured. 

A standard acid fixer, suitable for both negatives and prin4 
on gaslight, bromide, or chlorobromide papers, is :^ 

^YP° , * 1 ■ • 40Z. 200 £ms.' 

Sod, sulphite (anhydr.) . 0o gn IO * g 

Potass, metabisulphite . 32 o zr 2I - 

Water tn b 5 g 

water to . . . oz. 1,000 c.c. 

The solution should be cold when adding the metabisulphite 
for which an equal weight of sodium bisulphite may be sub- 
stituted if preferred. J 

It should be noted that an acid fixing bath must not be 
used for printing-out or self-toning papers. 

(See Fixing and Hardening Fixer; also Sodium Bi- 
sulphite, Hypo, and Stains.) 

Acidity, Any solution containing more hydrogen ions than 
are found m pure water possesses the property of acidity, and 
will have a sour taste. The degree of acidity is estimated by 
determining the concentration of hydrogen ions in the solution 
and is expressed a, a pH yalue (q.v.). Paper impregnated 
with blue litmus is a common test for acidity, an acid liquid 
giving it a reddish tint Alkalies or alkaline substances restore 
the blue colour. 

Acids may be defined as compounds of hydrogen whose 
atom or atoms of hydrogen are replaceable by metals or by 
radicals having metallic characteristics, and the compound 
resulting from such substitution is termed a salt. 

Actinic (aKTlvoc, genitive of tfeWf, a ray, especially of the 
sun) A term corned for the " chemically active " constituent 
of white light—that is, the blue, violet and ultra-violet by 
which alone the early sensitive materials were affected In 
these days when practically all negative material is sensitive 
it not to red, at least to all other colours, light of almost 
every colour is actinic. In connection with printing papers 
which are not usually sensitised to colour, the term 
retains its original meaning, and it is correct to speak of an 
orange or red light as " non-actinic/ * 

Actinic Focus of Lens. See Chromatic Aberration and 
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Aerograph Aerial Perspect , Ve 

Actinograph (as above, with rP d<pu, J draw or write! 
Name given by Hurter and Driffield, the pioneer, of densit- 
ometry {aj,.) and inventors of the H. & D system of statin^ 
p ate speeds to an early type of exposure calculator devised 
by them. (See Exposure ; Exposure Metkrs.) 
_ Actinometer (as above, with „i rPo „ t a m(jasure) . Any 
instrument winch measures the intensity of the Ikdit by 
photographic means. The term Photometer is some! 

times but erroneously, applied to such an . instrument 
{See iixposujtrc and Exposure Mi-ters.) 

Adapter This term is applied to the fitting which may 
be added to the back of a camera so that films or plates may 
be employed alternately at will. The » film-pack adapter » 

fitt'd rtsr" 111 ^ of tEns - An ****** ^ 1 - 

When using two lenses of different sixes on the same camera 
it is necessary either to have a separate camera-front for each 
ens, or else by the aid of smaller supplementary flanges 
to screw the ens into the largest flange. These supplementary 
flanges are called adapters. There is a special variable adapter 
on the market for taking lenses of different sizes It is con- 
structed on the principle of the iris diaphragm and opens to 
take the back screw of the lens up to the shoulder The 
opening is then contracted and clamped tightly, holding the 
lens firmly m position. 

Adiactinic, (See Actinic.) An old term applied to red 
or yellow media for the dark-room window. No light is 
completely non-actinic. (See Dark Room and Safe Light,) 

Adurot, Obsolete trade name for mono-chlor'-hydro- 
quinonc or mono-brom-hydroqumone. These were introduced 
by Luppo-Cramer in iSy 9l ■ and are more energetic than 
hydroqumone itself, and in particular are Jess susceptible to 
variations of temperature. Mono-chlor-hydroquinone is still 
available under the name chlorquinol {q.vj. 

Aerial Fog, See Fog. 

Aerial Perspective, A term used to denote the idea 
of distance conveyed in a landscape, or a photograph of one 
by the progressive lightening of the more distant planes' 
This lightening 13 due to light scattered by the atmosphere 
and by dust-p articles and water suspended m it f and is more 
marked m a photograph take a on a non-colour- sensitive 
emulsion than on one taken on a panchromatic emulsion using 



AeriaL Photography 

Aerial Photography". The history of photography from.i- 
the air goes hack to 1845 when attempts were made to take 
photographs from non -navigable balloons, Nadar of Paris 
produced successful photographs from a balloon in 1858, but 
there was no real progress until fully controlled aircraft: 
emerged from the experimental stage. With the war of 19 14 
came the first attempt to make a science of map-reading from 
the air. In 19 15 the forerunner of the modern Air Force 
camera appeared. Systematic aerial surveys of the sea and 
land were made, and maps of a new type followed. By the 
end of 191 7 we had a complete photographic survey of the . 
whole of Northern France and Flanders, 

After the war aerial survey found its use in peace. The 
Royal Canadian Air Force, for instance, was given the work 
of surveying large tracts of land. In six years 40,000 square 
miles in Northern Canada, almost inaccessible to the ground 
surveyor, were mapped, and much valuable information was 
gained about the great . forests, the different kinds of trees, 
and mineral deposits. In Australia the Government gave 
facilities for the Royal Australian Navy and the Royal Aus- 
tralian Air Force to survey the great Barrier Reef from the air. 
In South Africa, Northern Rhodesia was surveyed from the 
air to locate copper. In this country archaeologists unex- 
pectedly found themselves owing much to aerial survey. 
Without interpreters all these photographs would have gone 
for very little, and it is on this comparatively new science of 
interpretation that the fighting services rely in war. 

When frontiers are closed, battle -lines bar the way, and sea 
approaches are mined, what goes on behind them can still be 
a target for the " shots " of aerial cameras. The problem of 
interpreting these photographs varies according to what the 
i nterpreter is looking for. If it is a photograph of open country 
with no particular distinctive feature the Interpreter may take 
some time to find it on the map, but It is time which he can 
never well afford, for in war time all his work must be done 
at full speed so that the operational staff can have the informa- 
tion as soon as possible. Naturally he has to know a great 
deal about map-reading and surveying. The scale of every 
photograph has to be calculated to gauge the size of every 
object. The print must also be orientated. Shadows are 
useful, for they enable the interpreter to find the North through 
knowing the time of day when the .photograph was taken. 

Without shadows his task is more difficult. Meteorologists 
may have to be called in to tell him which way the wind was 
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Aerial Photography 

almost in the middle of the aircraft with its lens pointing; 
through a hole in the floor. Beside the observer's seat is a 
switch-panel from which the shutter-mechanism is operated. 
By pressing a button the observer starts the camera, which 
goes on taking photographs at set intervals. These are usually 
so chosen that successive pictures overlap, thus allowing a 
complete mosaic to be built up. The correct exposure is set, 
and the appropriate colour filter is inserted, before the aircraft 
takes off. These are done after the weather forecast has been 
given. The use of film instead of plates has done much to 
simplify camera work in the air, and enables material enough 
for well over too photographs to be carried in the 
magazine. 

Another valuable development has been the heating of 
aerial cameras to prevent the cold contracting the shutters 
and other moving parts. In the past there was often binding 
and jamming of the camera at great heights. Heating also 
prevents condensation on the face of the lens + Increase in 
speed both of the shutter and of panchromatic emulsion now 
stops mo ve ment sho win g in pho t ogr aphs . Cle ar vert ic a 1 ph oto- 
graphs have been taken from as low as 200 feet from aircraft 
flying at over 250 miles an hour* 

The processing of films has also been speeded up by the 
use of a series of tanks ; the exposed film goes in at one end 
of the tank and comes out at the other, developed, fixed, 
washed, and dried ready for printing, Printing is done by a 
multi-printer, using rolls of bromide paper which may be as 
long as a thousand feet, and the plant can turn out 500 prints 
an hour from any negative. 

The following practical points mill be of value for the amateur 
photographic aviator in peace- time. 

Aerial photographs are divided into two main classes, 
termed respectively " Vertical " and 11 Oblique/' according to 
whether they are taken vertically downwards or at an angle. 

The vertical, or plan, photograph, although of inestimable 
value for service or topographical purposes, is, from the fact 
of its perpendicular view-point, rarely, if ever, pictorial, 
although a stereoscopic pair, taken with a few seconds' interval, 
will often produce very striking results, which should find 
favour with devotees of stereoscopic photography. 

The oblique photograph, then, may be taken as the more 
generally interesting to the ordinary person, and the most 
pleasing results are obtained when the camera is depressed 
between 30 0 and 60 0 from the horizontal. 
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Airgraph Albumen Process 

The air brush is frequently employed by designers and 
workers in fabrics and pottery. Designs in many colours arc 
blown on with the aid of stencils, and the effects obtained are 
very beautiful. Users of the air brush should note that the 
rubber tubing used to connect the brush and the air tank 
cracks after a time and causes leakages. The best red-rubber 
tubing should be fitted in its place and examined from time 
to time for cracks. 

(See Colouring Photographs, also Bromide Paper.) 

Airgraph. A wartime air service, based on microfilm 
technique, introduced in May, 1941, to convey messages 
between Britain and M.M. Forces in the Middle East, and 
subsequently extended to cover many other routes. The 
messages were written or typed on special forms size 10 x 8 
ins., and handed in at a Post Office. After sorting, these 
forms were photographed on high -resolution lO mm. film, the 
reduetiou in area being about 250-fold. The rolls of exposed 
film, which could be processed before or after arrival, were 
transported to their destination by air. From the tiny 
negatives special automatic enlargers produced prints, size 
5X4 ins., on bromide paper in the form of a continuous roll 
4 ins. wide. After processing in automatic machines, the strip 
was cut into single letters which were finally delivered by post. 
The service was discontinued in 1945. 

Albada Finder. See View finders. 

Albumen. A. complex organic substance that can be 
obtained from both animal and vegetable sources. The 
purest form in which it can be obtained is the white of egg. 
Its chief photographic use was the preparation of albumenised 
paper if) -v.). It may be obtained commercially in a dry form, 
which is convenient for snch purposes as the albumen sub- 
stratum in process work. 

Albumen Process. An old process by which very beautiful 
lantern slides may be produced. The plates are slower even 
than gelatino-chloride plates, but the delicacy of results, the 
fineness of the deposit and the transparency of the shadows 
give it a high place. Glass plates are first thoroughly cleaned 
by brushing with nitric acid and water, rinsed in distilled 
water, and allowed to dry spontaneously ; they are then 
edged with solution of indiarubbcr in benzene, and coated with 
an old " sherry-coloured " collodion. As soon as the film has 
set immerse in distilled water till all greasiness has disappeared ; 
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Albumen Process 

it is then ready for albumcnising. Take 10 02s. (200 c.c.) of 
the whites of new-laid eggs, from which the germs have been 
removed, and add gradually, with constant stirring, 1 oz. 
(30 c.c.) of distilled water, to which 30 mins. (1-25 c.c.) of 
glacial acetic acid have been added. Cover with a piece of 
muslin, or soft linen, and set aside for twenty-four hours in a 
cool place. At the expiration of this time remove the 
coagulated scum, and filter the albumen, when it is ready for 
the iodiser. 

Ammonium iodide , . go grs. (2-3 gms.) 

bromide . ■ 5 „ (0-2 gm.) 
Ammonia o-S8o . . . 35 mins. (i-j c.c.) 
Distilled water . . 10:. (-0 c.c.)' 

Add this to the albumen , and filter. The plate is coated with 
the iodised albumen and drained, and a second coating of 
albumen applied. The plate is then allowed to dry spontane- 
ously, or by a gentle heat, the latter being preferable. The 
plate is now ready for sensitising, and as in this condition it 
will keep indefinitely a stock may be prepared. The plates 
are sensitised in a dipping-bath as in wet collodion, the follow- 
ing being the sensi riser 

Silver nitrate . . . 4S0 gra. (27-5 gins.) 
Distilled water . . .10 ozs, {250 c.c.) 
Glacial acetic acid . . 1 oz. (25 c.c.) 

Dissolve and add — 

Potassium iodide ... 2 grs. (o-n gm.) 

Shake well, allow to stand for half an hour, and filter. The 
plates must be sensitised in yellow or orange light, and should 
remain in the bath for about half a minute in summer to one 
minute in winter. After sensitising, place in a dish of distilled 
water for five minutes, wash under the tap, and dry. Plates 
thus prepared will keep, under proper conditions, for several 
weeks. The exposure, which should always be to daylight, 
will be about 30 to 40 seconds under a negative ol average 
density. The developer is as follows ; — 

Pyrogallol 
Acetic acid . 
Citric acid 
Distilled water 



No. 1 . 

. 40 grs. (4-5 gms.) 

, 35 mins. (4 c.c) 

. 12 grs. (1-35 gms.) 

. 10 02s. (500 c.c.) 
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Albumen- Gum- Bichromate Process Albumeniscd Paper 



No. 2. 



Silver nitrate 
Citric acid 
Distilled water 



12 grs. (1-35 gms.) 
12 ., (1-35 gms.} 

2 OZS, (lOO C.C.) 



For use add two or three drops of No. 2. to No. i. Before 
development give the film an edging of rubber solution, and 
place in a dish of -warm distilled water for one or two minutes. 
Place the developer in a porcelain dish, and heat gently by 
the aid of a spirit lamp to ioo° F. ; place the exposed plate 
in the hot developer, and the image will gradually appear 
and gain density, this being accelerated, if desired, by the 
addition of more No. 2. The developer must be maintained 
at the above temperature, although errors in exposure may 



temperature. When sufficiently dense it may be fixed in— 



or a 4 per cent, solution of potassium cyanide. These slides 
may be reduced or intensified by any of the ordinary- methods ; 
though, for the latter process, mercuric chloride, followed by 
ammonia, gives the most satisfactory tones. The image may- 
be toned with the old sel d'or bath, the following being a nea'r 
equivalent : — 

Hypo, saturated solution . z\ ozs. (100 c.c.) 
Gold chloride 1 gr. (0-1 gm.) 

Or a platinum bath, consisting of a 1 : 500 solution of platinic 
chloride, may be used. After washing and drying, the shdes 
will be ready for binding. 

Albumen- Gum-Bichromate Process. A method of direct 
pigment printing closely related to the gum-bichromate 
process. Paper is first sized with glue hardened by the addition 
of alcohol and alum, and is then coated with a mixture of 
12 parts of albumen and 5 parts of gum mucilage (gum t, 
water 2) in which a suitable colour is rubbed up. Bichromate 
is added to this, and the paper is coated, printed, and developed 
as for ordinary gum-bichromate [q.v.). 

Albumeniscd Paper. Sensitised paper prepared with albu- 
men and salt. The following short directions will give some 
idea of the method of procedure :— Absolutely fresh eggs were 
generally recommended, but many professional albumenisers 
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Alcohol 



preferred Stale eggs as giving a more even and lustrous coating. 
Crack each egg into a separate cup or measure before mixing 
with the bulk, so that in case of the yolk breaking the whole 
of the albumen may not be spoilt. Take out the germ of each 
egg. Every fair-sized egg will yield about 7 drms. (25 c.c.) 
of albumen. 

Albumen .... 6 or.s. (175 c.c.) 
Ammonium or sodium chloride 60 grs. (4 gms.) 
Rectified spirit . . .96 mins. (6 c.c.) 
Distilled water ■ . . ozs, (50 c.c) 

Dissolve the salt in the spirit and water, add to the albumen, 
and bent with an egg-whisk for fifteen minutes ; allow it to 
settle and filter it through a tuft of cotton-wool, previously 
well washed with distilled water. This is sufficient for a quire. 
The paper should be either Saxe or Rive. Put the albumen 
into a large flat dish ; take the paper by two opposite corners, 
and bring the hands close together, so as to make the paper 
bow out in the middle ; lay the middle of the paper on the 
surface of the albumen, gradually lowering the ends till it 
rests on the afbumen. When the paper has floated for a few 
seconds, bubbles will be shown by the numerous puckers ; 
lift the paper, and wet the bubbles with a camel's-hair brush ; 
allow the paper to float for eighty seconds — not longer, or the 
albumen will sink into the body of the paper— then gradually 
raise by one comer, and suspend from two corners to dry ; 
when thoroughly dry, roll between smooth rollers, and keep 
flat. Double albumenised paper is made by coagulating the 
first layer of albumen by floating on a mixture of two volumes 
alcohol and one volume of water. The paper is now dried 
and again floated on the salted albumen. The albumenised 
paper is sensitised by floating it, face downwards, on a solution 
of silver nitrate of strength about 13^ to 14 per cent., three 
or four minutes being sufficient. Very full instructions as to 
printing on albumenised paper arc contained in some of the 
older books such as " The Art and Practice of Silver Printing," 
by Abney & Robinson, London, 1888. (See Toning, and also 
Fuming.) 

Alcohol (Fr., Alcool ; ftal., Mcool ; Ger., Wcingeisi, 
Alkohol). C»H s OH=46. A generic term; but when used 
without qualification common or ethyl alcohol is understood. 
Synonyms; Rectified Spirit, Ethyl Alcohol, Ethyl Hy- 
drate, Spirits of Wine. It is prepared by distillation from 
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fermented saccharine solutions, or any vinous fluid. There 
are certain recognised strengths :- — 

Absolute Alcohol, which, as sold, may perhaps contain i 
or 2 per cent, of water. Specific gravity, o-8oo. 

Rectified Spirit, P.P. Alcohol containing 10 per cent, of 
water by volume, or 14} per cent, by weight. It is 58 degs. 
over proof. Specific gravity, 0-83,]. 

Proof Spirit. Made by diluting five volumes of rectified 
spirit with three of water, and contains 49-3 per cent, of alcohol 
by weight, or 57-1 per cent, by volume. 

Degrees over and under Proof. A spirit of 25 0 over proof is 
of such strength that when 100 parts by volume are diluted 
with water until the mixture is of "proof" strength, 125 
volumes of proof spirit will be produced. A mixture described 
as 25° under proof is one of such a strength that each 100 
volumes ol it contain 75 volumes of proof spirit. 

Alcohol, Methylated, or methylated spirit. Tliis is 
rectified spirit to which various substances have been added 
to render it undrinkable, in consideration of which the Excise 
authorities allow it to be sold as a fuel without being subject 
to duty. At the present time the additions in question consist 
of 10 per cent, of crude wood spirit, one-eighth of 1 per 
cent, of mineral naphtha, from 1 to 1 per cent, of pyridine 
(which has an exceedingly unpleasant taste) and a trace of 
methyl violet to colour it. The naphtha appears as a milkiness 
when water is added. 

Methylated spirit used to be recommended for accelerating 
the drying of negatives and prints, but the modern spirit 
contains oils which are liable to be precipitated in the emulsion 
when the spirit is mixed with water. Its use for this purpose 
is therefore to be avoided, 

Alcohol, Methyl. An alcohol containing CH, less than 
ordinary or ethyl alcohol, and therefore having the formula 
CH 3 0H. It is a chief constituent in the crude wood spirit 
used for mixing with ordinary alcohol for the constitution of 
the methylated spirit of commerce ; when pure, methyl 
alcohol has not the characteristic taste and smell of wood 
spirit, but rather resembles ordinary or ethvl alcohol. Its 
specific gravity is 0-8142, and it boil's at about uj° C. The 
purified commercial methyl alcohol may be used in most 
cases as a substitute for ordinary alcohol, but the crude wood 
spirit is generally a less desirable material to use. The main 
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use of methyl alcohol is in concentrated developers, where it 
serves to keep the developing agent from precipitating out. 

Aldehyde. A substance derived from a carboxylic acid 
by removal of one atom of oxygen. The only aldehyde of 
special interest in connection with photography is the aldehyde 
of formic acid, which is sold as a 40 per cent, solution under 
the name Formalin, which see. 

Alothoscopc fotefdtia, truth, and tmo-iu, I look at). A de- 
vice of Sign or Ponti, of' Venice, in which a large single lens is 
uscdinlookingat a transparency or anordin;uy positive. The 
principle involved is exactly that of the " viewers " now sold 
(or looking at prints or small transparencies. Sec Vii:we& 

Algebra. Generalized arithmetic in which letters are used 
in place of figures. As a certain amount of information, 
chiefly in connection with lenses and optics, is presented in this 
hook in the form of algebraic formula:, a word on their use and 
interpretation may not come amiss. 

It is first essential to grasp that the letters in a formula 
mean nothing in themselves. Any formula is meaningless, 
even to a mathematician, until explicit meanings have been 
allotted to the letters comprised in it. Every formula is 
therefore accompanied by a careful definition of the letters 
involved. 

Secondly, an algebraic formula apparently indicates that 
various letters have to be added, multiplied, or divided. This, 
taken literally, is also meaningless ; except formally, arith- 
metical operations cannot be carried out with letters. The 
formula actually means that if, in any practical case, the 
corresponding figures arc substituted for the various letters, 
carrying out the arithmetic as indicated will provide the 
required answer. 

Under Conjugate i'oci we are told that, in enlarging, the 
distance from lens to paper is (u-(-i)f, and that ii stands for 
the degree of magnification and / for the focal length of the 
lens in use. What the formula means is that in any practical 
case we have only to add " 1 " to the magnification and 
multiply the result by the focal length of the lens, and we 
shall have found the lens-to-paper distance we wanted to 
know. Enlarging 5 diameters with a 3-inch lens, the lens-to- 
paper distance will be ij -hi) X 3 — o X 3 = 18 inches. 

The point is that the formula gives, in symbolic form, the 
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answer, not merely to one, but to every conceivable combina- 
tion of values for magnification and focal length ; it is a 
" potted " answer to every problem of this type. 

To avoid confusion with the letter " x ", the multiplication 
sign " X "is seldom used. If a and b are to be multiplied 
together, the formula will read " ab ", not " a x b ". Addi- 
tion, subtraction, and division are indicated exactly as in 
ordinary arithmetic. 

II a letter is to be multiplied by itself {as / X /, or 3 x 3), 
it is never written as " ff ", but always as " f 1 " (" / squared "). 
Note, however, that "/ 2 " does not mean / x /; it is read as 
"/ two ", and the "2" simply serves to distinguish this / 
from other /'s in the same formula. f x and f 2 . for example, 
may stand for the focal lengths of two different lenses. 

Brackets often appear in a formula, and it is fatal to ignore 
them. Their meaning is the obvious one ; everything within 
a pair of brackets must he treated as one unit. 4+2-^3 
makes 4f ; (4 -f 2) -r 3 makes a. 

Units arc often not specified ; if / is defined simply as " the 
focal length of the lens," are wc to take the focal length in 
centimetres, as engraved on the mount, or do we have to 
convert it to inches first ? The answer is that it doesn't 
mattCT, but the unit chosen must be kept to for all other 
lengths involved in the formula, and the final answer, ii a 
length, will bo in the same unit. Unless the formula is 
specifically designed for them, when we shall read "/ is the 
focal length of the lens in inches," the use ol mixed units will 
always lead to wrong answers. 

Alkali. Strictly, a soluble hydroxide. The name is 
also applied to salts which give rise, in solution, to a pre- 
ponderance of hydroxyl over hydrogen ions. Alkalies turn 
litmus paper blue which has been reddened by an acid. They 
precipitate certain metals from solution as oxides or hydr- 
oxides. Their chief characteristic, however, is their 
readiness to react with acids to form salts. The mineral 
alkalies are the hydroxides of potassium and sodium, KOH and 
NaOH, also the hydroxides of certain rarer metals, notably 
lithium. Ammonia NH-, hydrazine N = H 4 and some other 
organic substances, are powerful alkalies. Solutions of such 
salts as borax and the alkaline carbonates show alkaline 
properties owing to hydrolysis. (See Acids, Acidity, and 
p~H Value.) 
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Alpine Photography. This phase of camera-work is now 
rcgularly practised by the great number of tourists who 
visit the Alpine regions ever;' year, and the climbers who carry 
cameras will find that special conditions may govern their 
exposures. An exposure meter should be carried and used 
in any case, and an essential for rendering good Alpine or 
mountain scenery is undoubtedly a camera to which a long- 
focus lens may readily be adapted. This will be found 
absolutely necessary if any foreground is to be shown with 
distant mountains behind. Il the ordinary short-focus lens 
is used, the distant peaks will appear miserably small ; but 
by retreating a little farther away from the bridge, hut, 
pine-tree, or whatever else constitutes the foreground, and 
using the long- focus lens, the background of hills will be shown 
in very much truer proportions. The human eye is not a 
wide-angle instrument. The second thing essential is light- 
ness. Miniature cameras have their advantage bore. On a 
long clay's climb every additional ounce will tell its tale. 

As regards exposure, the great thing is not to over-expose 
above the snow-line, nor to under-expose beneath it. The 
exposure required at an altitude of i 0,000 ft. for mountains 
perhaps ten miles away is so extremely rapid, that it is apt 
to lead one to forget that down in the valleys, amid dark 
chalets and pine forests, very different conditions prevail. 
Panchromatic films or plates, well backed, should be used 
for nearly all alpine work, and a light colour-filter will be 
needed if the gradations in .snow are to be rendered properly. 
To prevent slight loss of definition due to the ultra-violet 
light that is so prevalent at high altitudes, and for which 
lenses are in general not fully corrected, a U.V. (ultra-violet) 
filter should be carried, especially for miniature cameras. 
This provides correction enough for a deep blue sky ; the 
yellow filter should be reserved for occasions when slight 
over-correction of the sky is permissible. Care should be 
taken not to over- develop negatives of alpine subjects. 

Alum. Under this name a series of important double salts 
are classed. These salts are characterised as being double 
sulphates of monovalent and trivalent metals, crystallising in 
octahedra, and containing 24 molecules of water of crystallisa- 
tion, and have therefore the common formula of Mj'SO* 
M/"(SOj) 3 , 2. 1 H„0. The principal alums arc ammonia alum, 

20 



ATii mEnlum 



Aluminium Sulphate 



chrome alum, potash alum and iron alum. The term 
" alum," without qualification, always means potash alum. 

Ammonia Alum (Fr., Alan Ammoniacal ; Ital., Allume dt 
Amuioniac.a ; Ger., Ammoniahalaun). fNH 4 );S0 4 Al ; .(S0 4 ) 3 , 
■z.j.ITj.O^goe. Solubility of crystals : I in 12 of "water at $o°F, 
1 in 0,5 of boiling water, 1 in 2 of alcohol. 

Chrome Alum (Ft., Alun dc Chrome ; Ital., Altuvie di Cromo ; 
Ger., C/iromalaun). K s SO ( , Cr.,(S0 4 ) s , 2 4 H.,0=99H. A deep 
purple crystalline salt, solubility 22 in 100 of water at 77°F. r 
insoluble in alcohol. Its solution is purple by reflected, and 
reddish by transmitted, light. It is commonly used to harden 
the emulsion of plates or films (but not papers) to prevent 
reticulation and frilling. (See Hardening Stop Bath.) 

Potash Alum (Fr., Akin ; Ital., A Hume conmnc ; Ger,, 
Alaun). K : S0,A1 = {S0^ 3 , 241-1,0=948. Colourless crystals, 
used for rendering the films of gelatine less liable to mechanical 
injury, by hardening them, and also clears them from stains. 
(See Clearing Bath.) Also used in the hypo-alum toning 
bath. (See To^i>tg.) Solubility of crystals; 9 5 in 100 at 
65 0 F.. 280 in 100 of boiling water. 

Iron Alum. (Fr. Alun dc far ; Ital. A Hume di fcrro ; Ger. 
Eiscnalaun) Fe„(SO ] ) 3 (NH J ) :! S0 4 24 H 2 0 = 964. Grey-mauve 
crystals forming a yellow solution. Solubility of crystals, 14 in 
xoo of water at 6S°F. 

Aluminium (Fr. and Ger., Aluminium ; Ital., Allumiuio). 
Al=27. A silvery white metal, formerly obtained principally 
by reducing the chloride with sodium, but now by the reduction 
of the oxide, alumina, in an electric furnace. It is used for 
lens mounts and camera fittings on account of its lightness ; 
its weight, bulk for bulk, being less than half that of the 
brass previously used. It has also been used as a substitute 
for magnesium in flashlight, and lias been suggested as a 
means of precipitating silver from residues. (See Flash- 
light.) 

Aluminium Sulphate (Fr., Sulfate d' aluminium ; Ital., 
Solfato di alluminio ; Ger., Alttmimttmsiilfal). A1 S (S0 4 ) 3 , 
iSHXp is formed by dissolving aluminium hydroxide Al(OH) 3 
in sulphuric acid. It has been suggested as a substitute for 
the ordinary and chrome alums, for hardening negatives and 
prints, and in emulsion-making. 
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Amber fFr., Ambre ; Ital., Ambra ; Ger„ Graucr Amler, 
Bernstein). A fossil resin from an extinct species of pine. 
It is used for preparing a varnish. 

Ambrotype. An American synonym for a collodion 
positive. 

Amidol. 2-4 diaminophenol hydrochloride. QJJ(Q f MJ 
(NH a .HCl) 5 = 197- Synonyms, diaminophenol, dianol, dolmi. 
Developing agent of extremely high activity, Watkins factor 
15, producing a normal developer by the addition of sulphite 
only. White or light grey crystalline needles, readily turning 
darker by oxidation, but will keep almost indefinitely in bottle 
with cork sealed in with wa*. May be used, however, even if 
it has turned quite dark in storage. Soluble in 5 times its 
weight of water at room temperature, but is rather less soluble 
in solutions of sodium sulphite. Its solution oxidises so 
readily that the developing solution must be used within ,1 few 
hours of being made up. but it can be stabilized a little by 
adding a trace of nictol or hydroquinone. Amidol gives very 
little fog, and has been recommended for tropical development. 
It is the only common developing agent that will develop in 
acid solution, and it will also develop in the presence of hypo, 
making a combined developer and fixer. Gives pure black 
image, and is used chiefly for bromide paper. It has the dis- 
advantage of staining fingers and linger- nails an intense; brown. 
Docs not readily stain prints, but when it does the stains are 
blue-brown. (See Development and BKqmibe P.\pkr.) 

Ammonia (Fr., Ammoniaquc ; Ital., . Immor.iaca ; Gcr., 
Wassmges Amman i ah, Sa'iniakgt'ht). KH a = 1 7. An ex- 
tremely volatile pungent gas, very soluble in water, with which 
it combines forming the strongly alkaline ammonium hy- 
droxide MHjOH. The saturated" solution, known as liquor 
ammonia; fortissimus or " 880 ammonia," has specific gravity 
0 880 and contains about 308 gins, of NH. per litre. Con- 
centrated solutions lose ammonia rapidly by evaporation, and 
absorb carbon dioxide, forming ammonium carbonate. Store, 
preferably at half above strength, in incompletely filled 
stoppered bottles in a cool place. 

Ammonia was at one time widely used as accelerator in 

ro developers. (See Pyro-ammonia under Developm liNT.) 
modern practice it is used occasionallv in warm-tone 
developers, also in colour-film processing, for' hypersensitismg 
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Ammonium Iodide 

■s, and in funeral when a mild or 



volatile alkali is wanted. 

Ammonium Bichromate (Fr., Bichromate d'ammoniatjHc ; 
Itcil., Bicromulo d'uimnouiaca ; Ger., Dichromsaurcs Ammonia!:). 
(NH.,)Xr.,0 7 = ^ >j2. Often used in preference to the potas- 
sium salt in photo-mechanical printing, and for the gum- 
bichromate process. Si:: parts replace seven parts of potas- 
sium bichromate, with the advantage that a io per cent, 
solution does not crystallize out in cold weather, (See also 
Carbon and Oil Pijocnssiis.) 

Ammonium Bromide (Fr., Bromurc d' ammonium ; Ital., 
Bromaro d'amuionio ;■ Ger., Broniammoninm). XH.,Br = ()S. 
Its chief use is as a restrainer (q.v,), particularly in the produc- 
tion of warm tones by development, but it is sometimes used 
in the preparation of gclatino-bromide emulsion. Should 
not be used in alkaline developers as a substitute for potas- 
sium bromide, owing to liberation of ammonia. Solubility : 
i in l of cold water, i in [3 of alcohol. 

Ammonium Carbonate (Fr., Carbonate d'auinioniaqua ; 
ltal., Carbonalo d'amniouitica ; Ger., A mmonittmcarbonat, 
KohhnsatiTcs. Ammonia!;). A mixture of ammonium bicar- 
bonate (NIIjJIICO, and ammonium carbamate NH„CQ„NH, 
in equimolecular proportions. MAY. = 157. White waxy 
lumps or cubes, smelling of ammonia and developing a crust 
of bicarbonate oil exposure to air. For photographic use, 
buy " resublimed cubes," and acrape away all powder before 
weighing. Decomposed by heat ; all solutions must be pre- 
pared with cold Water. Used as alkali in warm -tone developers 
for slides, and sometimes also for papers. Solubility ; over 
.jo per cent. 

Ammonium Chloride (Fr., Cklorarc d' 'ammonium ; ltal., 
Clorulrato d'ammoniaca ; Ger., Chlovammonium, SaSmiah). 
NHjCI^=53*5. Synonyms ; Muriate of Ammonia, Hydro- 
chlorate of Ammonia, Sal-ammoniac. It is principally used 
as an addition to a iixing-bnth, to accelerate fixation. (See 
Rapid FHouissrNG.). And in selenium toners. (See 
Toning.) Solubdity : 1 in 3 of cold water, 1 in 55 of alcohol. 

Ammonium Hydroxide. See Ammonia. 

Ammonium Iotlidc (Fr.. lodme d* amnion i urn ; Ital. loduro 
d'etmmonio ; Ger., lodammoniitm). NH ,1=1415. Used for 
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mailing iodised collodion. Solubility : over 4 in 3 of water, 1 in 
4 of alcohol, 1 in 20 of ether, and 1 in 20 of alcohol and ether. 

Ammonium Oxalate (Fr. Oxalate d' ammonium ; Ital, Ossa- 
iato di ammoniaca ; Ger., A mmoninnioxaIat,)(NH l ) 1 C„0, 1 = i24. 
Sometimes used for preparing paper for ptatinotype printing. 
Solubility : 1 in 11 of cold water ; insoluble in alcohol. 

Ammonium Persulphate (Fr,, Pcrsulfalc d'ammoniaqut ; 
Ger., Uebcrschiucfcfoaitrcs Am»;onium). (NH,1 „S;,0 6 = 228. 
Decomposes in hot water or on exposure to moist air. Dry 
salt keeps well ; solutions decompose in a few days. Solu- 
bility : 1 in 1 of water. Used in photography principally as 
a Tcduccr. (Sec Reduction.) 

Ammonium Sulphide (Fr., ShIJuyc d'ammoniaquc / Ital., 
Soljuro d'ammoniaca ; Ger., Ammouimwirffid, or, Schwcjcl- 
ammoniv.m). (NH 4 ),S = GS. Synonym: Sulplmret of am- 
monia. Prepared by passing sulphuretted hydrogen through 
ammonia solution until the gas ceases to be absorbed. It 
can be used in the sulphide toning process [q.v.), and is also 
used in intensification [q.v.) to darken the white image 
obtained by bleaching the negative with mercuric chloride. 
A caution is necessary as to the use and storage of this in any 
room where sensitive materials of any kind are kept, as the 
vapours may act on the sensitive surface. If an amount of 
' ammonia equal to that originally used is added after saturation 
with sulphuretted hydrogen, ammonium hydrosulphide is 
formed ; this is often preferred. 

Ammonium Thiocyanate (Fr,, Suljocyanurc d' ammonium ; 
Ital., Rodamti'o, or, Solfocianuro d'ammonio ; Ger., Rhodan- 
ammonittni). Synonym ; Ammonium sulphocyanide. NH 4 CNS 
= 76. Used in toning gel atino- chloride printing-out papers, 
and has also been recommended as a fixing agent instead of 
hypo. It is a very deliquescent salt, soluble also in alcohol. 
(See Toning.) 

Amphitype (ri/n'ii, on both sides, and T-i'n-or;, an impression, 
as of a seal). A curious process which was invented by Sir 
John Herschel, who thus describes his method of procedure : — - 

" Paper proper for producing an amphitype picture may 
be prepared cither with the ferro- tart rate or the fcrro-citrate 
of the protoxide or the peroxide of mercury, or of the prot- 
oxide of lead, by using creams of these salts, or by successive 
application of the nitrates of the respective oxides, singly or 
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in mixture, to the paper alternating with solutions of the 
ammonio-tartratc or am monio- citrate of iron ; the latter 
solution being last applied, and in more or less excess. Paper 
so prepared and dried takes a negative picture in time varying 
from half-an-hour to five or six hours, according to the intensity 
of the light ; and the impression produced varies in apparent 
force, from, a faint and hardly perceptible picture to one of 
the highest conceivable fulness and richness both of tint and 
detail, the colour in this case being a superb velvety brown. 
This extreme richness of effect is not produced except lead 
be present, either in the ingredients used or in the paper itself. 
It is not, as originally supposed, due to the presence of free 
tartaric acid. The pictures in this state are not permanent. 
They fade in the dark, though with very different degrees 
of rapidity, some (especially if free tartaric or citric acid be 
present) in a few days ; while others remain for weeks unim- 
paired, and require whole years for their total obliteration 
But though entirely faded out in appearance, the picture is 
only rendered dormant, and may be restored, changing its 
character from negative to positive, and its colour from 
brown to black (in the shadow), by the following process ; — 
A bath being prepared by pouring a small quantity of solution 
of pcrnitratc of mercury into a large quantity of water, and 
letting the subnitrated precipitate subside, the picture must 
be immersed in it (carefully and repeatedly clearing off the air- 
bubbles), and allowed to remain till the picture (if anywhere 
visible) is entirely destroyed, or, if faded, till it is judged 
sufficient from previous experience ; a term which is often 
marked by the appearance of a feeble positive picture of a 
bright yellow hue on the pale yellow ground of the paper. A 
long time (several weeks) is often required for this, but heat 
accelerates the action, and it is often complete in a few hours. 
In this state the picture is to be very thoroughly rinsed and 
soaked in pure warm water, and then dried. It is then to be 
well ironed with a smooth iron, heated so as barely not to 
injure the paper, placing it, for better security against 
scorching, between smooth clean papers. If, then, the process 
has been successful, a perfectly black positive picture is at 
once developed. At first it most commonly happens that 
the whole picture is sooty or dingy to such a degree that it 
is condemned as spoiled, but on keeping it between the leaves 
of a book, especially in a moist atmosphere, by extremely 
slow degrees this dinginess disappears ; and the picture 
disengages itself with continually increasing sharpness and 
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clearness, and acquires the exact effect of copperplate engraving 
on a paper more or less tinted with pale yellow," 

Amyl Acetate (Fr,, Ac&latc d'a;ny!c ; [tali, .-Icefnfo d'amilc ; 
GuT., Amylaccin.'). CH 3 COOC a H lt = 1 30. Synonym: Essence 
of Jargonelle pears, A colourless liquid witli a fruity smell. 
It is insoluble in water, but soluble in all proportions in alcohol 
and ether. It boils at 14S 0 C, and bums with brilliant flame. 
It is used as a solvent in the preparation of celluloid and 
celluloid varnish. A good varnish for application cold can 
be made by preparing a 2 per cent, solution of celluloid in 
amyl acetate. The celluloid may be old films with the gelatine 
removed. (See Varnish.) 

Anaglyph, Auaglyphoscopc (Jijif, in the sense of back ; 
y\i'-r;,i,i, I carve). A means of producing stereoscopic effects 
due to MM. Louis Ducos du Hauron and D' Almeida. One 
picture of the stereoscopic pair is printed in red and the other 
in a greenish-blue — at any rate, the tints must be nearly 
complementary. As both impressions are superimposed on 
the same white paper, and the two unlike pictures cannot 
exactly coincide, a somewhat confused double image results. 
If this anaglyph be viewed bv the anaglvphoscope — a pair 
of spectacles, one glass of which is green and the other red — ■ 
each eye sees only one element of the two coloured stereograms, 
and a stereoscopic effect ts produced. 

The principle of the anaglyph is applicable to stereoscopic 
projection with the optical lantern. According to one method 
the two pictures of the stercographie transparency are projected 
upon the same screen by means of two lanterns, but in the 
optical path of each lantern there is interposed a coloured 
glass, the two colours being complementary to each other ; 
the double and confused image on the screen being viewed by an 
anaglypho scope, having glasses of corresponding colour, the 
stereoscopic effect is obtained. For projection purposes, 
Dc la Blancherc used blue and yellow glasses, D 'Almeida and 
Freshwater employed copper-ruby and signal-green. Gold- 
pinfc and a yellowish-green is a good combination. A rough 
test of the suitability of any two coloured glasses is the giving 
of a maximum of opacity when superimposed, but with the 
effect of great transparency when one of the glasses covers each 
eye. In carrying out stereoscopic projection by the anaglyphic 
method it is desirable to cut the lantern glasses and the glasses 
of the coloured spectacles from the same sheet. Anaglyphs 
have been produced from .time to time as illustrations of 
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topical events in weekly journals and also used with striking 
success for the projection of shadows of figures in motion on 
a stage screen, the shadows being cast by two adjacent spot- 
lights, one red and the otlicr green, placed at the back of the 
stage. 

Instead of using complementary colours, the properties of 
polarized light may be used to present one picture of the 
stereoscopic pair to one eye and one to the other. Various 
methods of doing tins have been suggested, but the " Vecto- 
graph " appears to be nearest to realization on a commercial 
scale. In 'this method, one image is printed on each side of a 
film on a special polarizing base, which has the property that 
the light on one side is polarized in one direction, while on the 
other side it is polarized in a second direction at right angles 
to the first. The film is then backed with a metallized sheet, 
and viewed through spectacles the " lenses " of which are 
analyzers with their axes at right angles. Thus each picture 
is only seen by one eye, and ttie required stereoscopic effect is 
produced. The process is as applicable, it is claimed, to 
lantern or cine projection as to simple prints, and a point of 
considerable importance is that, as the viewing spectacles are 
virtually uncoloured, the Vectograph process should prove 
applicable to photographs in full colour. 

See also SriiKiioscor-ic Photography. 

■ Anamorphote Lens. A lens which contains a cylindrical 
element, and therefore distorts like a cylindrical mirror. 

Anastigmat ; Anastifimatic ( ( }|.-,;, in the sense of back, and 
irny/ip'/, a dot or a mathematical point). A lens should be 
said to be an astigmatic — or simply stigma tic — when it refers 
every point on the scene accurately to a corresponding point 
on the plate ; but in practice the terms are used as signifying 
freedom from that aberration called astigmatism. (Sec 
Astigmatism and Lens.) 

Angle of View, or View Angle. It is sometimes desired 
to know the angle of view included by a lens when used on a 
plate of given size. There, exist two conventions with regard 
to the angle of view, some basing it on the diagonal of the 
plate and some on the longer side. So long as no confusion 
arises, it is immaterial which convention is adopted. The 
angle in either case can be found by dividing the longer side 
(or diagonal) by the focal length of the lens and referring to 
the following table :— 
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Soret's Tables ov Angles included by a Lens. 

Anslc included 



Ratio, giagMml 

to focal le:i[;tb 



2-67 
2*5 

2-33 

2-2J 

2-0 

1 ■ 67 

t-5 

i'33 

I!0 
I-I7 
I-I4 



Aniilc included 
b ; - km. 

~I06° 16' 

102° 43' 

98° 5°' 
96= 44' 

go" 
82 0 22' 
80° 33' 
72° 44' 

61° 55' 
60° 30' 
59° 28' 



Knlto, [Material 
to to ' 

1-125 

I- 10 

I" 00 
°'9 

0-873 
o-SG 
0-83 
o-8o 

°'75 
0-67 

°-5 

o-33 
0-25 



by 1 

58° 42' 
57° 37' 
53° 6' 
48=2/ 

47 15 
46° 24' 
46° II' 
44° 23' 
41° 7' 
36° 52' 
28° 4' 
18= 3 0; 
i 4 D 20' 



Example : — What angle is included by a 10 -in. lens on a 
plate the diagonal of which is 12 ins. ? 12 4- 10= 1-20. and 
against this we find 6i° 55'. 

When comparing the angles of view of two cameras making 
negatives of different shapes, neither the longer side nor the 
diagonal is a very satisfactory basis of comparison. In such 
cases the diagonal of a square having the same area as the 
negative should be taken. This can he found by taking the 
square root of twice the area of each negative. The following 
table gives («) the actual diagonal, and (6) diagonal of equiva- 
lent square, for the most usual negative sixes. 



Negative 


Diagonal 


Diag-cqw.v -square 


■2.\ x 24 rani. 


3.| mm. 


34 mm - 


24 x 36 mm. 


43 -.| mm. 


4 1 -5 mm. 


28 x 40 mm. 


49 mm. 


47-4 mm. 


3x4 cm. 


50 mm. 


4<j mm. 


4-5x6 cm. 


7 -5 cm. 


7-35 cm - 


4X6-5 cm. 


7 -6 cm. 


cm. 


6X6 cm. 


8 'J cm. 


8-5 cm. 


x si in. 


3 -2 in. 


$;3 in. 


2 i X || in. 


3 96 in. 


3*3 in- 


z\ x jl in. 


4-31 in. 


j - iS in. 


$§ X itm. 


.1 -35 in- 


b -b m - 


9x12 cm. 


15 cm. 


1 4 7 cm. 


4 X 5 in. 


6-4 in. 


6 33 in. 


3^ x §4 in. 


£>'5 in. 


6-2 in. 


4I x 6A- in. 


8-05 in. 


7-85 in. 


6£ X Si in. 


10 -7 in. 


10-5 in. 




28 





Angle of View 

Example :— Which includes the wider angle of view, a 
4 x 6-5 cm. camera with 7-5 cm. lens or a £-plate camera with 
lens ? Taking the third column, and dividing by 
focal length in each case, we lind 7 224-7-5 = 0-965 for the 
V.P. camera, and 5 25 -=-5* = 0-955 for the J-plato camera. 
The former therefore includes the wider angle of view. (See 
Sorct's table above.) 

It should be noticed that a lens having a focal length 
approximately the same as the diagonal (or diagonal of 
equivalent square) of the negative is considered a lens ot 
" norma! " focal length for the size of negative in question. 
LensfS of shorter focal length arc said to include a " wide 
angle," or are called " wide-angle lenses," while those of longer 
focal length are " narrow angle," " long-focus," or possibly 
" telcphoto." 

The angle of view may also be determined by a simple 
geometrical method. 




Draw a straight lino a b cqnal in length to the longer side or 
diagonal of the negative, bisect this at c, from c draw a per- 
pendicular d c equal to the focal length of the lens, connect 
a d, d d, then the angle included by the lens is equal to the 
angle a d b, which may be measured by laying a protractor 
on it and reading off the degrees included. 

To determine experimentally the total angle of view included 
by any lens, fix the lens on a large camera and plot out the 
angle subtended by the illuminated circle. This can be done 
as directed in the article Focal Length, under the subsection 
Gritbb's Method. In a similar way the angle of view which 
any lens includes on a given plate may be determined if the 
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Angstrom Unit Aniline Process 

longer side of the plate is set off on the ground glass, and 
Grubb's diagram is made as directed. 

(See also Wide Angli;, Perspective, Distortion, and 

LliNS.) 

Angstrom Unit. A ten-millionth of a millimetre. The 
recognised standard of measurement in speaking of wave- 
lengths of light. Thus a green line in the spectrum whose 
wave-length was 5,500 tcn-miltionths of a millimetre in length 
would be designated by 5,500 A.U. 

Angular Aperture is a relation borne by the working 
diameter of a lens to its focal length ; that is to say, the angle 
which the aperture of the lens subtends at a distance equal to 
the equivalent focal length. The angle in question is that 
whose trigonometric tangent is equal to .jn-:- (4n 3 -i), where n 
is the ordinary f -number 61 the aperture. 

Anhydrous, Anhydride. Anhvdrous means free from 
water, as in the terms anhydrous alcohol, or anhydrous ether. 
An anhydrous salt is one that contains no water of crystallisa- 
tion. (See Weights and Measures.) An anhvdride is a 
body derived from an acid by the removal of the elements 
of water. 

Aniline Process. In 1S65 Willis patented this process 
which consists of impregnating paper with ammonium bi- 
chromate and phosphoric acid, drying, and then exposing under 
a positive to the action of light, and subjecting it to the vapour 
of aniline, by which means an image in aniline colours was 
formed. U/W. Vogcl suggested the following method of 
procedure : — 

Sensitising Solution. 

Potassium bichromate i part. 

Phosphoric acid, Sp. Gr. 1:124 . . 10 parts. 
Water 10 ,, 

Good paper, such as Rives or Saxe, is allowed to float on this 
for one minute, and then quickly dried. It is then exposed 
under a negative or line drawing, and developed by placing in 
the bottom of a box, to the lid of which is affixed a sheet of 
blotting paper impregnated with commercial aniline 1 part, 
benzine 16 parts. The image appears fairly quickly (in a few 
minutes), and of a greenish-blue black, which turns to blue 
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Antipyr 



when the prints are soaked in water. If the fuming is carried 
on for some time the tones become blacker. 

{For other processes in which coal-tar colours are used, 
see Axthotyfe, DrAZOTYPE, and Feeji-type.'i 

Animal Photography. See Nature and Zoo Photography. 

An imato graph. Old term for Cinematograph (q.v.j. 

A nth ion. Potassium persulphate, K,S„0„ a highly oxidis- 
ing salt obtained by the electrolysis of potassium sulphate, 1ms 
been sold as a hypo-eliminator under the name of antlhon. 
(See Hyfo-Eliminatoiis.) 

Anthotype [&v9as, a flower). An old process yielding ex- 
ceedingly fugitive prints, depending for its principle upon the 
bleaching action of light upon chlorophyll and other vegetable 
colouring matters, when these are spread upon paper and 
exposed under a negative. More recently Messrs. A. and L. 
Lumiere have suggested to reproduce a coloured transparency 
by exposing under it a sheet of paper prepared with a mixture 
of fugitive colours, as for example quinolinc blue, curcuma, 
and a rapidly fading red. The " Utocolor " colour printing 
paper was based on this procedure, but attempts to fix such 
images have been unsatisfactory, as metallic bases which will 
unite with the colouring substances alter the tint. 

Anthrakotypc [iTi OnaKo:: genitive of CtiOpaZ,, charcoal or coal). 
A process for reproducing in carbon or pigment such subjects 
as show little or no half-tone. Paper is coated with plain 
gelatine, say I to 8 or 10 of water, and when dry is sensitised 
in a bichromate bath— say I part of potassium bichromate 
in 20 of water. The paper is now exposed under a positive, 
soaked in water, blotted o£f, and then dusted over with the 
pigment, which adheres to those parts where the gelatine 
was protected from light, and is consequently swelled by the 
water. Careful sponging now removes all excess of pigment. 
Tracings may be reproduced with remarkable perfection by 
the anthrakotype process. 

Antihalation ; Antlhaloi See BACKED Plates and Halation. 

Antinous Release. Trade name of the wire release (for 
shutters] introduced by YV. Watson and Sour,, to whom this 
invention is due. (See Shutter Releases.) 

Antipyr. A name under which Formalin {q.v.) is sometimes 
sold. 
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Anti -Screen Plates. Orthochromatic plates of sufficiently 
depressed sensitivity to blue to allow them to give moderately 
satisfactory colour-rendering with no colour filter over the 
lens. 

.Antiseptics. Substances destructive to bacilli and 
microscopic fungi. Used in photography to prevent putre- 
factive change or the growth of fungus in gelatinous or starchy 
mixtures. Phenol (carbolic acid) and salicylic acid are 
frequently used in gekitine, and oil of wintcrgreen in mountants. 
AlCObol, if present to the extent of about 20 per cent., prevents 
the putrefaction of most organic mixtures. Formalin is also 
often employed. 

Aperture, Focal, or Working Aperture. Diameter of 
that part of the lens actually used in taking a photograph. 
Terms more particularly used in connection with lenses mat 
require to be stopped down to give sharp definition, or whose 
diameter is greater than that of the largest aperture at which 
they are intended to work. (See Diaphbagms, and also Lens 



Aphengoscope. Early name for Episcowj, q.v. 

Aplannt. One of the many names given to a rapid recti- 
linear (R.E.) lens. (See Lems.) 

Aplanatic (t«, negative particle, and -W/iw, I lead astray), 
A term applied to a lens to denote that spherical and chromatic 
aberration have been eliminated so far as is practicable ; it 
is impossible to do it completely. Practically it means that 
a lens will give reasonably sharp definition with its full aperture. 
(See Lh^s.) 

Apron. Band of celluloid or other material used to separate 
successive turns of film when rolled up for development in a 
tank. (See Development.) 

Aqua Fortis. See Nitric Acid. 

Aqua Regia. (Fr., Eau rCgalc ; Gcr., Kvnigswasscr.) 
Synonym : Nitxo- hydro chloric acid. A mixture of 3 parts of 
hydrochloric acid with 1 part of nitric acid. It is used to 
dissolve gold for the preparation of gold (auric) chloride, the 
active agent being nascent chlorine. 

Aquatint. See Gum Bichromate. 

Aquatint, Photo. See Photogravure, 
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Arabic Gum. Sou Gum Arabic. 
Arabia Process. See Gum BICHROMATE. 

Architectural Photography. The ideal camera, for 
architectural photography is one that will take a selection of 
lenses of different focal lengths, including wide-angle lenses, 
and in which the subject can be seen, focused, and arranged 
on a ground-glass screen. A rising front that will allow the 
lens to bo raised as high as the top edge of the plate is very 
desirable, and this should be supplemented by a swing move- 
ment to front or back, A well-made stand camera, or perhaps 
a " hand -and -stand " camera of the Sanderson 'type, is by far 
the best. The use of a wide-angle lens should not restrict 
the working of the rising front ; this is more necessary with 
wide-angle than with narrow-angle lenses. 

When the range of rising and falling in the camera front is 
insufficient for the work in hand the camera must be tilted, 
in order to get the subject on the plate as desired. This is no 
objection, provided that the camera has a swing back, but 
it involves considerably more trouble than the use of a front 
with a full range of rising movement. When the camera has 
been tilted to the desired extent, the back must be adjusted 
until it is vertical. If this is not done the upright lines of the 
building will not be true, but will converge like the outlines 
of a pyramid. (Sec Distortion.) A small spirit level and 
plumb line are extremely useful accessories in architectural 
photography to secure the correct vertical result. 

A tripod that can be easily adjusted to any height is prac- 
tically a necessity. When working in difficult places it 
frequently happens that the camera can only be levelled by 
adjusting the legs of the tripod independently. When setting 
the camera on a smooth surface, such as a lloor, the less the 
legs are spread out the less will be the risk of slipping. On 
rough ground the case is reversed. For smooth floors or 
interior work generallv there is no precaution against slipping 
that is so practical and efficient as the following simple arrange- 
ment. It consists of three light bars of hardwood, about 
30 ins. long, 1 i ins. wide, and § in. thick, connected at one end 
by a screw passing through them, provided with a nut that 
may be tightened to grip the tlucc bars together firmly when 
required. Near the free end of each bar there arc three or 
four holes cut partially through, forming sharp indentations. 
The point of the tripod is placed in any one of these 
indentations, and there is not the slightest risk of slipping. The 
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three bars may be turned from the centre to any angle, and 
so provide all necessary opportunity for adjusting the tripod 
and levelling the camera. When it is not in use the support 
may be closed by turning the three bars on the connecting 
screw until they form a flat piece, which can be carried with 
the tripod without any appreciable increase in weight or bulk. 

A large proportion of architectural subjects have to.be 
photographed in confined spaces. For this reason lenses of 
shorter focus than those most frequently used for landscapes 
will be necessary. A lens that includes an excessively wide 
angle on the plate for which it is used should be avoided, and 
care should be taken not to include a greater angle than is 
really necessary. A very good relation of focus to plate for 
general work is that of a lens having a focus a little less than 
the longer side of the plate — about G ins. or 5 j ins. for half- 
plate. But a lens capable of covering a much larger area than 
the plate in use should be selected. Many subjects require 
that the lens should be raised considerably above the centre of 
the plate, and in such cases an extensive covering capacity is 
rendered necessary. 

Whatever plates or film may be used, it must be remembered 
that halation will occur round windows and other brilliant 
parts of an interior subject unless precautions are taken 
against it. In general, "chrome" films are more fullv 
'■ antihalo " than are ordinary ones, and so are to be preferred. 
The plate-user must use backed plates as a matter of course. 
Win dows should be avoided as far as possible, on account of 
their irritating brilliancy in the finished picture ; but when it 
becomes necessary to include them, no fear need be felt that 
halation will spoil the result. (See Backing and Halation.) 

Exposures arc always difficult to estimate in indoor work. 
If there is light enough to operate a photo-electric meter, no 



need arise. In cases where the light is too weak to 



move the pointer it is often satisfactory to point the meter at 
the source of light (window, etc.) from the position of the 
subject, and work out the exposure in the ordinary way from 
the meter reading. Multiplying the exposure by twenty for 
light objects, or by fifty or more for dark objects, will give a 
close approximation to the exposure required. 

Extinction meters, especially in fairly practised hands, 
are extremely valuable for indoor work, as the increased 
sensitivity of the eye that occurs in a poor light extends their 
range considerably. This increased sensitivity, however, 
has to be ;iilowed for. 
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Sensitive-paper meters can also be used with success, and 
the time consumed in making a reading, though still long, is 
not impossibly great if the device of the " sixteenth tint " 
is used. For this, take the time required for the first visible 
darkening of the paper to occur ; multiplying this by sixteen 
gives the time that would have been required for full darken- 
ing, whereupon the exposure is read off from the scales in 
the usual manner. If the time of darkening is in minutes 
instead of seconds, the meter will indicate exposure in minutes. 

For a medium-fast plate or film (about 28° Sch.) the follow- 
ing suggested exposures may be useful as a rough guide for a 
beginner. Stop assumed, //i 1. 

Nave 5 sees, to ig sees. 

Aisles, white glass . 5 „ „ 20 „ 

stained glass . . 40 ,, ,2 mins. 



Crypt 1 min. ,, 10 „ 

Cloisters .... 2 sees. „ 10 sees. 

The following brief note of the characteristics of the various 
styles of English architecture may be useful : — Nornian 
(10O6-1100) : Round -topped door and window ways ; short 
heavy pillars and zigzag patterns. Transition (1100-1200) : 
As Norman, with introduction of pointed windows. In the 
later examples of this style — often called Early English- — [to 
about 1280) the windows are narrower and the pillars are 
clustered. Still later (to about 13S0) much tracery was 
introduced in the windows, this being the so-called Decorated 
Period. The Perpendicular Period (13 So— 1547) is charac- 
terised by prevailing upright lines in windows, doorways, and 
often square tops to windows. This developed into the Tudor 
Style (1550-1600), in which the square top is developed and 
carried out as a leading ornamental idea in other ways. The 
Jacobean Style (1603— 1650) is very mixed ; but with a 
considerable infusion of classical. 

Architectural details, if in places not easily accessible, are 
often best photographed by means of the telephoto lens (q.v.). 

Arrowroot (Fr. and Ital., .Irrozvroo! ; Ger., Pfailmurschv.ehl). 
The starch obtained from the tubers of Maranta Arundinacea. 
It is a fine, white, tasteless, odourless powder which has a 
peculiar crepitating feel in bulk. It is used for sizing papers 
and as the vehicle for sensitive iron salts in printing papers ; 
also employed in making a paste lor mounting photographs. 
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Art Terms. Man 3' of the words and phrases used in reference 
to certain forms of graphic art can be applied to photographic 
work equally well ; others are used with some difference of 
meaning ; while others, again, are more or less inappropriate. 
Following are brief suggestions on the significance of some of 
the terms in common use. 

Accent or Accentuation. Emphasis laid on some portion of 
the subject so that it attracts special attention. The accented 
object may be relatively small in size, and the emphasis is 
generally ob tamed by extra depth of tone or by brilliance of 
lighting. 

Atmosphere. The tones of the subject are such as to convey 
the impression of air, space and distance. {Sec Aeiiiai. 
Pi'iispEcriVE.) 

Background. Planes beyond the principal subject, especially 
in portraits and still-life. The background should be sufficiently 
unobtrusive not to compete in interest with the main subject, 
to which it should be subordinated. 

Balance. An arrangement which prevents the picture from 
appearing lop-sided, topheavy and so on. A strong mass 
towards one side generally demands a secondary mass towards 
the other. 

Breadth. Treatment which presents the subject in masses 
and tones so that minor features and details are suppressed 
rather than emphasised. 

Chiaroscuro. A combination of the Italian words for light 
and dark. The distribution of the bright and dark tones in a 
picture. Patches of equal brilliance or of similar depth 
scattered over the picture space create a spotty and restless 
effect . 

Composition. Selection and arrangement of the subject to 
secure the qualities generally required in a picture — balance, 
harmony and so on. (See Pictorial Composition'.) The 
term construction is used with a similar meaning. 

Contrast. Inclusion and arrangement of features of opposite 
or different character to lend variety and avoid monotony. 
Contrasts may be those of light and shade ; of straight and 
curved lines ; of masses and lines giving vertical, horizontal 
and oblique directions ; of smooth and rough surfaces ; and 
so forth. 

Detail. The smaller and less significant features of a subject. 
The fidelity of their rendering may be important or not ; it 
may not be necessary to show the individual leaves and twigs 
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of trees in a landscape, while every detail might be required 
in a realistic rendering of a /lower. 

Flat. Applied to a tone it means uniform, without grada- 
tion ; applied to a photograph as a whole it suggests that the 
tone values are monotonous, and lacking sufficient contrast of 
light and shade. 

Foreground, That part of the subject nearest the spectator. 
It may or may not be the most important feature. When it 
is, full detail and strength are required ; when it is not, it 
should be subdued and unobtrusive so as not to compete with 
more important features beyond. 

Genre. Applied in a general way to figure subjects of a 
somewhat homely kind, and often suggesting some ordinary 
incident of everyday life. Simplicity of treatment is a 
usual feature. 

Gradation. The passing of tones or tints from dark to 
light. Such change may be gradual or rapid. 

Group. Two or more figures or objects arranged to combine 
into a single subject. 

Half -tones. Range of tones or shades lying between the 
deeper shadows and the higher lights. 

Impressionism. Originally applied to tile rendering by an 
artist of a subject or effect as it appealed to him without 
particular attention to details. There is too much of the 
mental aspect about it to make the term very appropriate in 
photography. 

Key. The range of tones employed. If they are generally 
light and delicate the key is hig/t ; when they arc mostly dark 
and heavy it is low. A tone is out of key when it is too light 
or too dark in relation to other tones. 

Motif. Main or dominant idea which prompted choice and 
treatment of subject. 

Plane. A flat surface. An infinite number can be imagined, 
and in a landscape, for example, they may be ro uglily divided 
into three groups in which lie foreground, middle distance and 
distance respectively. 

Proportion. Generally applied to the relative sizes of the 
constituent parts of a subject. Anything is said to be out of 
proportion when it appears to be too large or too small for its 
position and surroundings. 

Silhouette. Rendering of objects as masses of dark tone 
with clearly defined outlines. 

Style. The characteristic ideas and technique which are 
associated with individuals or with methods of treatment. 

37 



Artificial Light 

A high -key print represents a particular stvlc ; a photographer 
whoso work is more or less easily identifiable has a stvlc of 
his own. 

Symmetry. Balance of form ; sometime s an exact repetition 
of form. In decorative design it plays an important part, 
but in other forms of work exact symmetry may be detrimental, 
making the result too formal. An example is a view straight 
down the aisle of a church, so that one vertical half of the 
print is almost an exact repetition of the other. 

Tc.rlure. As regards the subject matter this refers to the 
characteristic rendering of surfaces and forms, fur, feature, 
skin, grass, snow, etc. Poor definition is often inimical to 
perfect rendering of texture. 

Tone. The different degrees of bght and shade in a photo- 
graph are called tones. They have to suggest the relative 
visual brightnesses of the subject depending on variations of 
light and colour. Any chemical process for altering the colour 
of the photographic image is called toning, so that the word 
tone is also used for the colour of the print. Tones, in the 
sense of colours, arc called warm if they tend towards red 
and cold if they tend to pure black 

Artificial Light, Photography by. Artificial light work 
falls naturally into two types ; one where photographs are to 
be taken by whatever artificial light happens to be available, 
lis in theatre work, night photography in the streets, and the 
like, and the other where the provision of the lights and their 
disposition is under the control of the photographer. The 
latter condition applies chicilv to portraiture and flash-light 
work ((/.ii.) ; the present article deals therefore with work of 
the former class. 

Theatre and Circus Photography, For this, as for other 
artificial jight snapshot work, the miniature camera is the 
most useful equipment owing to the very fast lenses available 
for the small camera. With an.//2 or fh-5 lens and an ultra- 
fast panchromatic film (3>° Sch. or over) exposures up to 
,: r sec. arc possible in a really brilliantly lit music-hall or 
at the circus, but in general the exposure needed is nearer 
s>,t to sec. A distinction has always to be drawn 
between the exposure needed to render the stage as a whole, 
and that needed for spotlit figures. The latter may only be a 
tenth of the former. A complete stage setting which includes 
spotlit figures is in consequence difficult to render satisfactorily, 
owing to the very wide range of contrast involved. Watcrbath 
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development (ff.f .), or treatment in a two -bath developer (see 
Fine-Grain Development) is of some assistance here. It 
should be noted that the average " straight " play is much 
less unevenly lit, but that at the same time the lighting is 
much less brilliant. 

At any type of performance, a fast long-focus lens is 
invaluable, as the majority of seats are too far awav to give 
good sized figures with the normal lens. Results are better 
with a long -foe us lens and a scat not too near the front ; in 
most theatres photography from the stalls involves too low a 
view-point. 

Street Photography at Night. In the shopping centres 
of large towns, where shop lights assist the ordinary street 
lighting, slow snapshots (J to 2 \ r sec.) can be taken at 
//1-5 or //2. An arcade, with lighted shop-windows on both 
sides of the figures, is a particularly good spot for night pictures. 
The portico of a cinema or theatre is often brilliantly lit, and 
makes another good setting for night work. Views of such 
entrances from across the road, with figures silhouetted against 
the lights, are also easy to take at { \ to 3!,- sec. 

Away from the brightest lights, much longer exposures are 
needed. As a tripod will be required in any case, slower 
lenses are hardly less useful than the fastest. Exposures of 
from 1 to 20 sec. at fly 5 may be tried, using the fastest 
material. Many delightful pictures await the night photo- 
grapher, especially when wet streets provide reflections and a 
little mist is present to show up the rays of street lamps. 

An ti halo films or backed plates are of course essential, and 
a lens-hood must be used to exclude all direct lights not 
actually included in the picture. A coated lens is particularly 
desirable in work of this type. 

"Candid" Photography by Artificial Light. In an 
ordinary well-lighted room, or in a restaurant or other 
normally-lit public building, slow snapshots are possible in 
favourable circumstances. Pictures taken across the table at 
public dinners or other functions (A- to Jc, sec, at //2 or 
fji'5) are now common in newspapers, and similar exposures 
may be tried in any well- lit private room. An indication of 
the exposure required in any case where distances and power 
of lights is known, or can be estimated, is given in the exposure 
tables in the article on Portrait u 11 K. 

(See also Electric; Light.) 

For exposures with flashbulbs, see Flashbulb. 
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Artigue's Process. A method of carbon printing without 
transfer, invented by M. Artigue of Paris. Like the gum- 
hichrornate process, it allows very complete control in develop- 
ment and the permanency of the results is assured. 

The following method, due in the main to M. Duchochois, if 
carefully carried out, gives results very similar to those 
obtained upon M. Artigue's own "Papier Velours." In 15 
parts of water 5 parts of white and carefully picked gum 
arable are dissolved — the round and slightly friable lumps 
being selected. When the solution is complete, a matter 
sometimes of days, the mucilage is strained through muslin, 
and we next add 100 parts of white of egg and a quantity of 
Indian ink or other iincly ground water-colour sufficient to 
give a coating on paper, which shall be nearly full black or 
full coloured by reflected light, but not so opaque as altogether 
to obscure a coin behind the paper when both arc held up to 
the window. Enough liquid ammonia to make the preparation 
slightly alkaline to test paper is now stirred in, but a minimum 
of two drops to each fluid ounce may be added in any case. 
The preparation is now ready for coating the paper, which 
should be done by brushing oil a thin and uniform layer with 
a broad camel's- hair brash. (Sec Gum-Bichromate") The 
paper may be writing-paper or drawing-paper of any required 
texture ; but to obtain the finest and sharpest detail by the 
Artigue method, a fine paper, such as " Rives," should be 
used, and this should be coated with a film of plain gelatine 
before applying the pigmented mixture. The gelatinous 
mixture for use as a substratum may consist of :— 

Hard gelatine 1 part. 

Water S parts. 

Soak, melt in water bath, strain through muslin into a 
warmed porcelain dish. The mixture must not be allowed to 
cool, and each sheet must be floated for an instant, and then 
be pinned up to dry. When dry it is coated with the Indian 
ink mixture in the way already described. The paper thus 
coated is insensitive to fight, and must be sensitised by being 
floated, face upwards, on a solution of ammonium bichromate 
containing 1 part of the salt dissolved in from 10 to 20 parts 
of water. If the paper is soft and porous in texture the weaker 
solution should be used, and floating for a iew seconds may 
be sufficient ; but if the paper is close in texture and is covered 
with a substratum of gelatine, the stronger sensitising liquid 
must be used, and the paper must remain floating on the bath 
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for a longer period. The criterion is the penetration of the 
bichromate to the face of the paper, and when this is the 
case the pigmented film can be rubbed off by gentle friction 
with the finger. 

Should it be preferred to prepare the paper so that it shall 
be sensitive to light in the first instance, si parts of powdered 
ammonium bichromate arc stirred into the mixture, as given 
above, immediately after the Indian ink has been added. 
The insensitive paper will keep indefinitely, but the sensitive 
paper wdl only keep good for a few days. When the paper 
is dry — and it should be dried in a place which. like a kitchen, 
has a fire constantly burning, and the walls of which are dry 
— it is exposed under the negative until details are visible at 
the back. 

The development is an operation in which very widely 
different treatment may be necessary, according to atmospheric 
conditions and other circumstances which affect the solubility 
of the pigmented film; but the instructions given for the 
development of the non-transfer pigment print, under Gum- 
Bichromate, may be taken as generally applicable. When 
the basis is smooth paper coated with gelatine, it becomes 
almost essential to adopt M. Artigue's expedient of developing 
with a soup-like mixture of ground sawdust and water, as 
then the image lies in what is in effect a delicate intaglio, and 
any other attrition than that of the wet sawdust would tend 
to wipe it out of the intaglio. 

The sawdust may be of any wood ; but it should either be 
ground in a roller- mill, or should be sifted, and only that 
used which will pass through a No. 12 (iz meshes to linear 
inch) sieve. The sawdust being mixed with water of the 
required temperature to the consistency of soup, this mixture 
is flushed and reflushed over the pigmented surface until 
development is complete — any increase in the temperature 
of the mixture being regulated by the considerations given 
above. 

Asphalt Process or Bitumen Process. This process is 
the first by which a fixed photograph, in the ordinary sense of 
the term, was produced, and it is still employed in making 
photo-etched blocks and plates. Niepce, as early as 1S27, 
produced a photograph of Ivew Church on a metal plate coated 
with a bitumen varuish, and probably he employed oil of 
turpentine to wash away that bitumen which had not been 
rendered insoluble by the action of light. All bitumens and 
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asphalts are more or less sensitive to light, light causing the 
material to become insoluble in the usual solvents ; and any 
bitumen or asphalt may be dissolved in benzol (from i of 
asphalt in -zo of benzol, to I of asphalt in 6 of benzol), and a 
metal plate having been coated, exposure is given under a 
negative if a relief block is wanted, or under a positive if an 
intaglio plate is required, A sufficient exposure having been 
given, the plate is developed by rocking in a dish containing 
rectified oil of turpentine, free from acid. If the plate is copper 
it may now be etched with a solution of ferric chloride (per- 
chloridc of iron), as explained under the head Photogravure. 
included under Photo-Mechanical Processes. If the plate 
upon which the bitumen resist has been obtained is zinc, ferric 
chloride may still bo used, but very dilute nitric acid is a more 
usual solution for etching zinc. An alternative method of 
worlring on zinc is to treat the zinc by the " lithographic " 
method, and print in the lithographic press. 

Bitumen Process on Lithographic Stone. A lithographic 
stone, cleaned and prepared in the ordinary way, is coated 
with the sensitive bitumen varnish and, after exposure under a 
negative, the soluble bitumen is removed by washing with 
oil of turpentine, with the addition of ligroin as a restrainer if 
required. The stone, having been next washed by a vigorous 
stream of water, is dried, and treated by the usual bthographic 
method. 

Half-tone or Process Blocks by the Bitumen Process. A 
copper or zinc plate is coated with bitumen, and it is exposed 
under a stippled negative of the kind mentioned in the article, 
Photo-Mechanical Processes. After development, or the 
removal of the superfluous bitumen, the plate is etched. 

Astigmatism. An aberration in lenses as a result of which 
a line running radially outward from the centre of the field of 
view cannot be sharply focussetl at the same time as a second 
hue at right angles to the first. Astigmatism is greatest with 
lenses of wide aperture, and is progressively corrected by- 
stopping dowu. Any lens substantially corrected for tliis 
fault is called an anastigmat. Por a fuller discussion, see 
Photographic Optics, by Arthur Cox (Focal Press). See also 
Lens. 

Astronomical Photography. Except for general views 
of the heavens, and for such work as the recording of meteors, 
the ordinary camera is unsuited to astronomical photography 
on account of the extreme smallncss of the images. Even the 
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sun or the moon give an image the diameter of which is only 
about a hundredth of the focal length of the lens used. It is 
therefore necessary to use some sort of telescope to obtain an 
image of useful size. 

The telescope may be used by the amateur in either of two 
ways. Those who expect to use their telescope frequently for 
photographic work should arrange a plate-holder that can be 
substituted for the eye-piece used for visual observation ; the 
image is then simply focused on the plate by the objective, or 
by the concave mirror of a reflecting telescope. Provided 
that the plate used is not orthochromatic or panchromatic, 
fair results can even be had by means of a simple spectacle 
lens of long focus, used at an aperture of //jo to//ioo. 

Where it is desired to use an ordinary telescope in con- 
junction with a camera, the eye -piece is retained and the 
camera, complete with lens, is placed against it. If the eye is 
relaxed when focusing the telescope, and the camera is 
adjusted for distant objects, the image obtained will at least 
be reasonably sharp. It is greatly preferable, however, to 
put the final touches to focusing while observing the image 
on the ground-glass screen of the camera. A single-lens reflex 
is consequently a particularly convenient instrument to use 
for this work. 

Large images, however obtained, entail long exposures, 
except when photographing the sun, and perhaps the moon ; 
it then becomes necessary to swing the telescope, in some sort 
of equatorial mounting, to follow the apparent movement of 
the heavens. A sighting telescope, with cross-wires, is 
required for this ; if the main telescope is in use for photo- 
graph y, a small guide-telescope must be attached to it for this 
purpose. A spectacle lens of long focus and a cheap magnifier 
can readily be made up into a rough but usable instrument, 
cross-wires being provided by two strands of fine silk or very 
fine wire at the focus of the magnifier. 

Photographing the Sun. The amount of light is here so 
plentiful that the eye-piece of the telescope may be used as a 
projecting lens, forming an image on a plate or iilm held some 
ten or twelve inches from the telescope. An old field-camera 
with shutter but no lens will serve as a light-tight connecting 
link. The image can usually be made large enough to show 
sun-spots without subsequent enlarging. A neutral filter 
should be interposed somewhere in the optical path to cut 
down light and heat ; even with the filter an exposure of 
about I / looth second will be sufficient. 
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Photographing the Moon. With a moderately fast film, 
placed at the focus of the object-glass of an average small 
telescope, which may work at about //16, an exposure of 
about i/ioth second will suffice. If a larger image than that 
given by the object-glass alone is obtained by either of the 
above-mentioned alternative methods, the exposure should be 
increased in proportion to the area of the image. For 
exposures much in excess of ■} second, during which time the 
image will move by about i/sooth part of its diameter the 
telescope must follow the moon. 

Two lunar photographs taken at an interval of four weeks 
will show the moon in the same phase, but owing to the relative 
motions of moon and earth, the viewpoints will be slightly 
different. If prints from such a pair of negatives are mounted 
as a stereoscopic slide and viewed in a stereoscope, a marked 
effect of relief will be obtained, the moon presenting a very 
real spherical form. (See Stereoscopic Photography.) 

Planets and Stars. No matter what magnili cation is used, 
stars will register simply as points of light. The image caii 
only be spread by prolonged exposure, and as the spreading is 
due to irradiation, it will still show no detail. The form of 
planets can only be shown by very high magnification, 
involving exposures running into many minutes and very 
accurate following of their apparent movement. 

Comets ami Meteors. As a comet is a comparative!)' slow- 
moving object, visible often for many nights in succession, it 
may be photographed in much the same manner as a planet 
In photograpliing a faint comet, for which a long exposure 
may have to be given, it is best to follow the comet itself 
with the guide-telescope. The comet's movement against the 
stars will then be indicated by the direction and length of the 
short lines formed by the extension of the images of the stars. 

For photographing meteors, which may appear at any 
instant and in any part of the sky, it is necessary to include a 
wide angle of view. For this work an ordinary camera is 
quite suitable. If on an equatorial mount, the stars will 
appear as points, while any meteors will appear as lines, the 
direction of which indicates the movement of the meteor. If, 
on the other hand, the camera is fixed, the star-images will be 
drawn out into the arcs of circles with a common centre at the 
Pole Star ; a meteor will then register as a line not parallel 
except by accident, with those formed by the stars in its 
neighbourhood. By taking such photographs simultaneously 
from two points, the height of the meteor can be calculated. 
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When meteoric showers arc expected, the camera, should be 
pointed towards their expected source ; towards the con- 
stellation of Perseus for the August shower, or the Sickle in 
the constellation of Leo for the November shower. 

Atmosphere in a Photograph, See Aerial Persfectivi'. 

Atmospheric Action. The free oxygen in the atmosphere 
will react with a good many photographic chemicals if these 
are carelessly stored. Developing agents in particular will 
take up oxygen, usually becoming dark in colour as they do 
so, and progressively losing their power to develop. Sodium 
sulphite will slowly oxidise to sulphate, which is useless as a 
preservative, and sodium sulphide will oxidise to a mixture 
containing thiosulphate (hypo) which will partially dissolve, 
instead of toning, any bleached image to which it is applied. 

The air also contains some carbon dioxide ; any hydroxide 
[e.g. caustic soda} wil I absorb tins, its surface being converted 
into a crust of carbonate. Carbonate also forms on the surface 
of certain other chemicals, notably sodium sulphite, if too 
freely exposed to the air. 

Atmospheric moist lire is taken up by other chemicals ; some 
get wet and eventually dissolve in the acquired moisture (e.g.. 
thiocya nates of potassium or ammonium). Tina process is 
called deliquescence. Other substances combine with the 
acquired water to form crystals ; this is generally evidenced 
by caking. Certain compounds containing water of crystal- 
lisation (sodium sulphite and carbonate, for example) lose 
water to the atmosphere, so that the crystals crumble to a 
powder containing either the anhydrous salt or a lower hydrate. 
This is called efflorescence. 

Traces of sulphur compounds, notably hydrogen sulphide, 
arc usually present in the air, especially in towns ; this gas is 
potent in bringing about the fading of prints, the image of 
which is partially converted to brown silver sulphide. 

To protect them from air, all chemicals likclv to be affected 
should be stored in tightly- corked bottles ; if possible, the 
cork should be waxed in to render it air-tight. Tins, if they 
have really tight-litting lids of the press-in type, arc perfectly 
satisfactory for such substances as sodium carbonate and 
sulphite. 

Mixed developers should always be kept in bottles filled to 
the neck and tightly corked, but where this is inconvenient a 
storage bottle like (hat sketched overleaf may be used, 
a layer of medicinal paraffin (H) being used to protect the 
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solution from the air. Developer may be expelled from e by 
blowing through d, or is may be extended below the level of 
the bottom of the bottle to form a syphon. A glass tap, or .1 
rubber tube with a pinch-cock, may then be tised to draw off 




developer. If the bottle is inset in the dark-room bench as 
suggested in the sketch, it may be refilled either through d, 
using the funnel j, or fresh supplies may be drawn from the 
beaker f through E by sucking out air at d. When not in 
use, B may be sealed by covering its end with a dilute solution 
of sulphite contained in f, the block c. being used to raise E 
to the required level. 
See also Calcium Tuee. 

Atomic Theory, Calculations based on. See Equiva- 
lence, Chemical ; also Weights and Measures. 

Autochrome. Sec Colour Photography. 

Automatic Focusing. Refinement fitted to certain rfe Ime 
vertical cnlargers, by which the projected image is kept 
continuously in focus as the head is raised or lowered to alter 
the scale of enlargement. (Sec Enlarging.) Tbe term is 
also sometimes applied to a camera fitted with a coupled 
range -finder, (dec Rangkfindkr.) 
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Autotype Process. Sec Caubon Process. 

Avis. Any straight line passing tlirougli the optical centre 
of a lens is termed an axis. That axis which passes through 
the centres of curvature of the various surfaces is termed the 
" principal axis " or " optical axis " ; any other is referred to as 
a " secondary axis." 

Azol. See Dhvelofiiext. 
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Backed Plates. A backed plate is one the back of which 
has been coated with some black or non-actinic substance to 
prevent halation {q.v.). The essentials of a hacking material 
are that it should have the same index of refraction as the 
glass of the plate, that it should be in optical contact with 
the glass, and that it should absorb all light to which the 
plate is sensitive. If the first requirement be not satisfied, 
light will still be reflected from the back of the plate before 
entering the backing at all. It is usual to buy plates ready 
backed when halation is feared, but if in an emergency it is 
found that only unbacked plates are available, one of the 
following backing mixtures may be applied. They may also 
be used for backing lantern slides, in the maldng of which 
halation may occur if the negative show^s strong contrasts of 
light and dark. 

Mucilage ... I part 

Caramel . . . . . . i „ 

Burnt sienna (powder) . . . i „ 

Apply to the back of the plate with a roller squeegee or a 
pad of lint. 

The following black backing is particularly suitable for 
panchromatic plates : — 

Gelatine .... 50 grs. (11-5 gms.) 
Glycerine . . . , £ oz. (25 grns.} 

Water 1 „ (100 c.c.) 

Ivory black . . . .30 grs. (7 gms.) 

When applying a backing it is convenient to place the plate, 
glass outwards, in a printing frame, protecting the emulsion 
side with clean paper. The film side, and the edges, are thus 
kept free from backing. Alternatively, the backing mixture 
may be spread on paper and dried. When required for use, 
the backing is damped and pressed firmly into contact with 
the plate. The paper prevents the backing from rubbing or 
flaking off in the slide. 

(See Halation.) 

Back Focus. Distance between the back surface of a 
lens and the image of an object at infinity. A knowledge of 
the back focus of a lens is valuable as indicating camera 
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extension required. A telephoto lens is distinguished be- 
having a back focus very considerably less than its equivalent 
focal length. (Sec Lens and Focal Length.) 

Background. Anything used, as the mum- implies, as 
subordinate to or behind the principal figure or figures or 
objects in a photograph. There are many kinds — natural, 
artificial, interiors, exteriors, or plain. Natural backgrounds 
when properly used are the most pleasing, and as these cannot 
be made to order, the intelligent amateur will choose his own. 
A pleasing plain background for a portrait can be made with 
a dark, neutral-coloured blanket, or even with a large sheet of 
brown paper free from creases. 

The following method of preparing a background and paint- 
ing it ivill be found reliable. If the background is to be 
mounted on a rigid frame, this should be made first. Stout 
unbleached calico of the required size should be well wetted, 
and then laid over the frame, which should be placed flat on 
the floor. The canvas should be lightly nailed at the four 
corners, then, starting at one comer, nail down about six 
inches of it ; then go to the other side of the frame and, 
stretching the calico as tight as possible, nail down six inches. 
Repeat this process, that is, working at alternate ends, till 
two are completely nailed down, then start the sides, working 
in the same way, and taking care to strain the cloth quite 
tight each time. If this is done, and it is kept well wetted, it 
will dry perfectly smooth and taut. A suitable paint is made 
with— 

Powdered glue ... 4 ozs. (50 gms.) 
Whiting . . . . 12 „ (i 5 o gms.) 
Treacle . . . 6 „ (75 c.c.) 

Water So (1,000 c.c.} 

This can be coloured with — 

Ivory black ... . . 1 oz. (12 gms.) 
Ultramarine . . , . | ,, t 6 „ ) 
Red ochre , . . . ,V „ ( 6 „ ) 

Rub this down with a little glue first. This gives a medium 
neutral tint, and more or less will darken or lighten the colour, 
(Sec also Portraiture.) 

Ball and Tube Release. See Pneumatic Release. 
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Bnlsaming, Re-, of Lenses. In order to reduce reflection 
and consequent degradation of image, those contact surfaces 
of lenses which arc ground to the same curve arc usually 
cemented together with Canada balsam. Occasionally these 
cemented surfaces separate more or less completely, or the 
balsam undergoes a kind of congelation ; while occasionally it 
becomes yellow. The process of separation, cleaning and 
rcccmcnting which then becomes necessary is best left to 
the maimer. 

" Barometer," Photographic. A bromide print of a 
landscape subject should be carefully coated or brushed over 
with the following mixture, after first thoroughly being 
hardened in a 10 per cent, formalin bath : — 

Water 3A- ozs. (100 c.c.) 

Gelatine . . . .go" grs. (6 pus.) 

Dissolve by the aid of heat, and add — 

Cobalt chloride . . .30 grs. (2 gms.) 
Glycerine (water-free) . . 20 drops (i£ c.c,) 

The part brushed will become blue in fmewcather and pink 
m damp weather, owing to the action of moisture on the 
cobalt salt. Since it indicates the moisture -con tent, and not 
the pressure, of the atmosphere, the print so treated is a 
hygrometer, not a barometer. 

Baryta Paper (Ger., Kvcidc-papicr, or Baryt-papicr). Paper 
coated with an emulsion of barium sulphate in gelatine made 
partly insoluble by chrome alum, used as a support for 
all types of sensitive emulsion printing and for collotype 
printingetc. A f ormu 1 a f or i t s p rep a rat ion is the f ol lo wi ng : — . 

I. 

Gelatine . . . .90 grs. (8-25 gms.) 

Barium chloride . . . 30 (2-75 gms.) 

Distil led water ... 5 ozs. (200 c.c.) 

II. 

Ammonium sulphate . . 15 grs. (1-35 gms.) 
Distilled water . . . 2! ozs. (too c.c.) 

Soak the gelatine in the water till soft, add the barium, and 
dissolve by heat ; then add solution II in small quantities, 
shaking between each addition ; allow the emulsion to set ; 
break up into small pieces ; wash thoroughly, and add 7* grs. 
(0-7 gm.) of chrome alum previously dissolved in a little 
water. (See Emulsion.) 
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Base, and Basic. An approximate definition of a bast; is 
that it is a substance which will react with an acid to form 
water and a salt. To this extent " base "is synonymous with 
" alkali," but the former term is mucli wider ; every alkali 
is a base, but by no means every base is an alkali. To qualify 
as an alkali, a base must be soluble in water ; it then imparts 
to the solution the soapincss of feel and ability to turn red 
litmus blue that characterize an alkali. Iron rust, for example, 
will dissolve in acid, neutralizing it and forming a salt, so it is 
a base ; but it has no alkaline properties. 

Basic salts arc those in which the base has been incompletely 
neutralised by acid ; they therefore contain one or more Ol t 
groups or their equivalent. Ferric iron and lead are espedally 
pronc to form basic salt?!. 

Baskott's Reducer. Named after R. Baskctt, who first 
suggested the method. It consists of an abrading mixture 
for rubbing on the part of the negative to be reduced. It is 
excellent for local reduction, and is made as follows : — 

Ordinary tercbenc . . I part. 

Salad oil . . . . t u 

Globe metal polish (paste) . . . i 

Mix thoroughly and strain through fine muslin A few drops 
on a small pad of cotton- wool or linen should be carefully but 
firmly rubbed on the part requiring reduction. When reduced 
sufficiently, clean the surface of negative with a pledget of 
cotton-wool soaked in benzene. (See Ri;ijuctiqn\) 

It is worth adding that Baskett's reducer is invaluable for 
removing scum or surface deposits of any kind from negatives, 
and that an equivalent preparation is available ready-made 
under the name Frictol (Vanguard Manufacturing Co.) 

Bas-reliefs, Photographic. Careful examination of a 
negative will always reveal some trace of surface modelling or 
relief, this relief being more especially noriceable when the 
gelatine coating on the glass tends to thickness and when a 
pyrocatechin developer is used. At best, however, the relief ol 
the negative is but slight, certainly not enough to make it 
worth while to cast or mould for decorative use, but if a 
suitably compounded gelatine composition is laid evenly on a 
plate it is possible to obtain a degree of rehef as great as that 
of a coin or medal, and from this original mouldings or replicas 
may be made in plaster, metal, or any material capable of 
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plastic treatment. The photo-rehef method of Professor 
Kami as is as follows An ounce (30 gms.) of fine gelatine is 
soaked in 3} ozs. (ioj c.c.) of water, and the vessel is heated 
in a water bath until all is dissolved, after which 1 fluid 
drachm (3 . 75 c.c.) of glycerine is stirred in. The mixture, having 
been strained through fine musbn, is poured on levelled glass 
or metal plates, 1 fluid drachm being allowed for 3 sq. ins. 
of surface (18-5 c.c per 100 sq. cms.). When dry the coated 
plates may be kept any length of time, and sensitising is 
performed by soaking a plate for 15 minutes in a 6 per cent, 
solution of ammonium bichromate, and drying in the dark. 
Exposure under a negative in the printing frame should be 
continued sufficiently long to give a fully detailed image in 
brown, the time required being about the same as would be 
involved in making a print on ordinary print-out paper. On 
soaking the exposed plate in water the relief is produced, and 
the plate ca n be moulded with plaster or with a waxy composi- 
tion upon which an electrotype is made. If the swelled relief 
be very gently heated there is such a redistribution of the 
gelatine as makes the relief persist after the gelatine stratum 
is dry, (See also Photo-Sculpture.) 

Bath. Either the liquid in which photographic material 
is treated, or the vessel that contains it. 

Beeswax (Fr., Circ ; Ital., Cera ; Ger., Wacks). This is 
obtained from the honeycomb of the bee, and is a yellow mass 
breaking with a granular structure and of pleasant smell. It 
should be entirely soluble in hot oil of turpentine, and is 
insoluble in alcohol and water. White wax is beeswax 
bleached by exposure to air and light, and cast into Hat round 
cakes. In certain processes of carbon printing it is important 
to obtain pure wax ; this may be difficult unless the original 
comb can be obtained from a beekeeper who does not fit his 
hives with the artificial combs or bases now so largely used, 

Belltzski's Reducer. See Reduction. 

Bellows. The folding portion of the camera which unites 
the back and front portions is called the bellows, and is usually 
constructed of leather or black cloth. Black sticking plaster 
is useful for repairing small damages to bellows. The following 
has been recommended for renovating leather bellows and 
leather camera coverings generally. Jlix — 
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Acetic acid 
Glycerine 
Oil of turpentine 
Water to 



oil . 



3 ozs. (85 c.c.) 

3 drs. (11 c.c.) 

3 (11 c.c.) 

i oz. (14 c.c.) 

15 ozs. (425 c c.) 



Add the mixture slowly to the white of 3 eggs, using an egg- 
beater, and then add 3 ozs. (85 c.c.) of methylated spirit and 
about 100 grs. (6-5 gms.) of aniline black dye. 

A reviver for cloth bellows can be made as follows : — 



Shake until dissolved, then add — - 

Linseed oil . . . .3 ozs. (95 c.c.) 

If the bellows are black, give them a preliminary coating of 
Indian ink dissolved in water, with a trace of Prussian blue to 
kill the brownncss. When dry, apply reviver, using a pad of 
cotton -wool, and finally removing the surplus by brisk rubbing, 
(See also Leather and Marin 1: Glue.) 

Benzene, or Benzole (Fr., Bcnzint ; Ital., Bcnzina ; Ger., 
Benzol). C 0 H 0 = 78, A colourless liquid, with characteristic 
smell resembling coal gas, obtained commercially by fractional 
distillation of coal tar, between 36° and 150° C. : it is purified 
by a second distillation at 80° C, and should crystalline at 
o° C. It is insoluble in water, but soluble in all proportions 
in alcohol and ether. It is a solvent of all fixed and volatile 
oils, and greasy substances generally. It boils at about 
So° C, and at ordinary temperature gives off a vapour which 
is extremely inflammable. It is used in photography as a 
solvent in encaustic paste, for the preparation of matt 
varnishes, and as a developer or solvent of bitumen in certain 
photo mechanical processes. Not to be confounded with 



Benzine. A light petroleum spirit used for burning in 
lamps. Known also as benzoline. ft is in no way related to 
true benzene, and will seldom replace it in photographic 
operations. It may be used, however', as a substitute lor 
benzene in cleaning brushes used in the oil pigment and 
bromoil processes. 

Bibliography. See BOOKS. 



Methylated spirit . 

Shellac 

Oxalic acid . 



16 ozs. (500 c.c.) 
4 „ (125 gms.) 
I oz. (8 gms.) 
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Bichromate Methods Blacking 

Bichromate Methods. Processes in which the material 
sensitive to light is an alkaline bichromate in contact with 
an organic colloid, such as gum, albumen, or gelatine. Most 
methods of photographic block and plate trial oilier come under 
tins heading. (Sec Gum Bichromate, Carbon- Printing 
Artigue's Process, Photogravure, Collotype, Aniline 
Processes, Carbuo Process, Oil and Bromoil Process i;s. 
For bicliromate poisoning see Skin.) 

Bichromate of Potash. See Potassium Bichromate. 

Biconcave. An optical term denoting that the two sides of 
a lens arc hollowed out. (See Less.) 

Biconvex. An optical term denoting that the two sides of 
a lens arc bulged out, (See Lens.) 

Binocular Camera. Another name for stereoscopic camera 
or for camera with twin -lens finder. 

Bioscope. An obsolete term for Cinematograph (q.v.). 
Birds, Photographing. See Nature Photography. 
Bitumen. See Asphalt. 

Black and White, Finishing photograplis in (See 
Bromide Paper and Enlarging, also Air Brush.) 

Black Glass. Glass deeply coloured with manganese and 
iron. Sometimes used as a reflector in photographing clouds. 

Black Lightning. Sec Clayden Eitect. 

Black Varnish . Sec Varnish. 

Blacking. The interior of all cameras, dark slides, and 
lens tubes should be coated with a dead black to prevent the 
reflection of light and consequent fog on the plate. A good 
black can be made by grinding lamp or ivory black into a paste 
with japanners' gold size. Another method is by coating the 
wood, etc., with a solution of ferrous sulphate, and, when dry 
applying a solution of tannin or decoction of logwood, two or 
three successive applications being sometimes necessary For 
blackening brass parts, two or three different methods arc 
employed. Where the brass will not be touched by the 
fingers, drop-black ground up with weak glue and water may 
serve, but a better finish, and a more lasting one can be 
made by mixing fine lampblack with lacquer, and applying it 
m two or three successive coats to the heated article ; but 
where the brass will be fingered, it is obvious that some other 
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method must be employed. We have the choice of two, one 
pf which results in a bronze colour, the other is a n on -reflecting 
dead black. For the former colour, a solution of platmic 
chloride acidified with nitric acid is used. This method is 
especially useful where any soldered joints exist ; where solder 
is not used, an absolute dead black can be obtained by clipping 
the article, heated fairly hot, into a solution of copper nitrate 
made by dissolving copper wire in dilute nitric acid ; it is 
then heated over a Bunsen burner or spirit lamp, the green 
colour of the copper first showing, and at the proper tempera- 
ture a fine dead black appears. Another method is to dissolve 
i part of copper carbonate in S parts of solution of ammonia 
and adding 18 parts of water. Clean the brass well and im- 
merse in the solution till black, rinse with water, dry in bran 
or sawdust, and give a nib over with thin oil varnish. 

Another formula to blacken wood is as follows :■ — 
Extract of logwood . . J oz. (15 gms.) 
Potassium chromate , . 30 grs. (1-95 gms.) 
Water 35 ozs. (1,000 c.c.) 

Dissolve the extract in boiling water, add the chromate also in 
solution. This is a deep violet liquid winch changes to black 
in contact with the wood. 

To blacken leather-covered hand cameras which have 
become shabby, the following may bo useful : — 

Glue ..... 4 ozs. {135 gms.) 

Vinegar . . . 1$ pints. (1,000 c.c.) 

Gum arabic .... £ ozs. (OC gms.) 

Black ink . . . . 8 ,, (270 c.c.) 

Isinglass . . . .120 grs. (9 gins.) 

Break the glue in pieces, put in a basin, pour over it about two- 
thirds of the vinegar, let it stand till it becomes perfectly soft. 
Put the gum in another vessel with the ink until it is perfectly 
dissolved ; melt the isinglass in as much water as will cover it, 
which may he easily done by placing the cup near the fire about 
an hour before required for use. To mix them, pour the 
remaining vinegar with the softened glue into a vessel and heat- 
on a sand bath over a gentle fire ; stir till dissolved, and do 
not let heat be over So" C. Add the gum and heat to So" C, 
add the isinglass, and it is ready for use. Put as much as 
required in a saucer, beat it till thin, and apply with a small 
sponge. If the article is dried quickly in the sun or before the 
fire it will have a better polish. 
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The following methods have been recommended for blacken- 
ing aluminium :■ — 

(1) The metal is well rubbed with a clean rag and strong 
kitchen soda and water, to get rid of any grease. It is then 
coated with albumen by beating up the white of an egg and 
straining it through muslin. The albumen coating is allowed 
to dry, and then heated to a dull red heat, and allowed to cool. 

(2) Clcaji the surface thoroughly with fine emery powder or 
emery cloth, then give it an even coating with olive oil, and 
heat it over a spirit lamp until it turns black. 

(3) Prepare the following mixture : — 

Hydrochloric acid , . . i| ozs. (50 c.c.) 

Ferrous sulphate . , . Co "grs. (4.6 gms.) 

White arsenic (arscnious oxide) 60 (4.6 gms.) 

Water . . . . . i \ ozs. (50 c.c.) 

The aluminium is first thoroughly cleaned with fine emery 
cloth, and then dipped in the above " arsenic bronze " batli. 

(4) Add 50 grs. (1 1. 5 gms.) of gum sandarac to 1 oz. (too c.c.) 
of absolute alcohol ; when dissolved add slowly, mixing 
thoroughly, 3 grs. (0-7 gm.) of nigrosin. Apply this with a 
soft brush and allow to dry thoroughly before touching it. 

Iron enlarging lanterns, if not used "frequently, or kept in a 
damp dark-room, frequently become rusty in parts. To 
renovate and blacken, the metal work should first be thoroughly 
cleaned with a little fine emery powder well rubbed in with an 
oily rag. The emery should be entirely- wiped off, and then 
butter of antimony rubbed on. This should also be cleaned 
off, and the lantern finally polished with a dry cloth. 

An alternative method is to apply the mixture given under 
{3) above. This should be well rubbed over the iron with a 
bristle brush. When the metal is dark enough, dry off with 
fine sawdust, and then rub with linseed oil. 

A method of blackening the wood surface of the work bench, 
and, moreover, producing a finish that appears to be im- 
pervious to chemicals spilt upon it, is as follows 



A. Ferrous sulphate . 
Copper sulphate 




•I « 
4 - 
100 „ 



4 parts. 



B. Aniline hydrochloride 



Water to make 



Water to make 




100 P „ 
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" A " is applied hot with a brush to the bench-top, pre- 
viously made quite clean (any paint, etc., scraped off), and 
when dry any excess on the surface is rubbed oft. A second 
coating is similarly given and allowed to dry thoroughly. 
Then two coats of " B." are given in succession. A black 
colour is produced which gradually intensifies. A slight 
coating of linseed oil laid on with a cloth is then given, and 
the bench is ready for use. Acids and alkalies spilt upon this 
surface do not appear to affect it if quickly wiped off, and the 
surface can be kept in good order by an occasional wipe of 
linseed oil after a course of work. 

Where space and other circumstances permit, a lining of 
black velvet provides the ideal non-reflecting surface for the 
ins ides of cameras, extension-tubes, or lens- hoods. Where 
the thickness of velvet precludes its use, the black velvet- 
surfaced paper known as " flocks " or " coffin paper " makes 
an excellent substitute, as does a piece of Gevaluxe (q.v.) 
developed to a full black. * 

(See also Bellows, Leather, and Dark-Room.) 




Blanchard's Brush consists of a piece of swansdown calico 
doubled and fastened by means of an indianibber band round 
a strip of glass 2 ins. wide and 6 ins. long. It was used for 
coating plates, etc., with substratum for the collodion process, 
and is useful in the carbon and oil processes for applying the 
sensitising solutions evenly. It is a useful tool in any process 
where paper has to be mopped over with a liquid. (See also 
Buckle Brush .) 

Bleacher. See Drawings from Photographs, Intensi- 
fication-, Toning, and Bromoil. 

Blisters. This trouble was at one time very prevalent 
with prints, but is now of very unusual occurrence. Beyond 
the fact that blisters occur because there are points where 
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the gelatine film is insufficiently adherent to the paper there 
is little known. There are, nevertheless, certain conditions 
which seem calculated to produce blisters and which should 
always be avoided. Any kinking of the paper, especially 
while it is wet, is likely to produce a slight detachment of 
the film from the paper, and this may increase in size if the 
print is placed in conditions favourable to the production of 
blisters. 

Any material change in the density of the flnid in which the 
print is placed is a condition also likely to produce blisters. 
Two things will give different density : — a considerable varia- 
tion in temperature and a considerable variation in the strength 
of a solution. Thus very cold water is denser than water at a 
higher temperature, and hypo solution is denser than water 
alone at the same temperature. It is, therefore, a very 
common instruction to avoid serious variations of temperature 
in the various solutions, and also to avoid moving the print 
from a hypo bath direct to the washing water. When blisters 
occur, a bath of methylated spirit after washing will rapidly 
reduce them and assist in drying the print quickly. 

(See also Frilling.) 

Blocking Out. This term (sometimes called " stopping 
out ") is applied to the method of painting over parts of a 
negative in opaque pigment so that the light cannot pass 
when printing. The portions 1 ' blocked out " are thus rendered 
in white in the print. Blocldng-out medium or pigment is 
supplied commercially, or thick wator-colour paint, such as 
Indian red or lamp black, can be used. It is applied with a 
good pointed brush (sable is best) on the film side. If much 
detail or an intricate outline has to be followed, it is best to 
use liquid Indian ink with a fine ball-pointed pen. The 
negative is best held in a retouching desk and the outline 
carefully followed with the pen— the light corning through the 
negative. The pen line can then be broadened with the paint 
brush, and if large patches, such as the sky in a landscape 
negative, have to be blocked out, only the outline to the extent 
of half an inch need be painted out on the film side. The 
remainder can be covered with a piece of opaque paper. 
(See Phinting, Retouching Desk, and Retouching.) 

Blocks for Printing, See Photo-Mechanical Puocesses, 



Blooming of Lenses : Bloomed Lens. See Coatld 
LfiXSES. 
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Blue Printing Process. See Cvaxotype. 

Blurring. Any image of indistinct or doubled outline is 
said to be blurred. Blurring may be caused by an imperfectly 
corrected lens, a wrongly-adjusted camera, by condensation 
of moisture on the lens, by .1 film or plate not accurately in 
the focal plane, by incorrect focusing, or by movement of 
camera or object during the period of exposure. (Set also 

H.-SXATION*.) 

Body-Release. Mechanism for enabling the shutter to be 
released by means of a plunger or lever on the body of the 
camera, so allowing the camera to be firmly and comfortably 
held at eye-level. Although bodv- release has always been 
fitted to re Ilex and focal -plane cameras, on cameras with 
between-lens shutters it is still comparatively novel. The 
mechanism takes various forms, but generally consists of 
swivelling and sliding metal arms connecting the release- 
plunger with the shutter. 

Bolting Silk. This is a line-meshed material, sometimes 
known as bolting cloth, used for obtaining diffusion of detail 
and for canvas-grain effects when printing or making enlarge- 
ments. In use, the bolting silk is stretched on a light wooden 
frame. This is held between the lens and bromide paper 
when exposing the enlargement. The farther away it is 
from the paper the more diffused the effect will be. When 
placed quite close to the paper, the mesh or grain of the 
fabric will be reproduced in the print. The softest effect is 
obtained by keeping the silk moving during the exposure, and 
a pleasing result is also obtained by giving part of the exposure 
through the bolting silk and the remainder without it. Its 
use increases exposure about one-third. There must be no 
creases or blemishes in the material, or they will show in the 
print unless kept on the move during the entire exposure. 

Books on Photography. 'the following classified list 
makes no pretensions to completeness, particularly as regards 
tile more elementary bnoks, when there are often many covering 
much the same ground. The list has been compiled with the 
intention of including at least one good book— where possible 
two, one elementary and one more advanced — on every aspect 
of the subject. Books only temporarily out of print have been 
included without comment; the few specially important books 
that are included although permanently out ot print are 
indicated with an asterisk. -Most of these are cither obtainiible 
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secondhand or can be consulted at public libraries, notably 
the Patent Office Library (Southampton Buildings, Chancery 
Lane, London) where the enquirer has direct access to the 
shelves. At the Britisli Museum Library access to the books 
is less rapid, but the collection is very complete. 

Owing to frequent changes, the prices quoted may in many 
cases be incorrect. They have been included solely as an 
approximate indication of the scope and completeness of the 
various volumes. 

In addition to the books listed, many manufacturers — 
Autotype Co., Burroughs Wellcome, Dallmeyer, C.cvaert, 
Ilford, Johnson & Sons. Kodak and others— issut' manv 
extremely valuable booklets either free or at nominal prices. 

Advanced Sender, of Photography. 

Tin- Theory of the Photographic Process. C , E , K . M K E s . < ■ ,i 

This book is written for scientists and research workers 
interested in the chemical and physical aspects of the photo- 
graphic process. It is not a guide to photography though 
the worker with some knowledge of science will find in it 
much invaluable information not obtainable elsewhere. 
Complete Photographic Textbooks. 

Ha mlbook of Photography. Hexney and Dudley. 4> 'o. 
Photography, Theory and Practice.. L. P. Clehc. 3=,/-. 
Photography, Its Principles and Practice. C. B. Xehlette. jjj/-. 

General Textbooks. 
The Ilford Manual. Ileord, Ltd. 10/-. 
Graphic Graflex Photography. Morgan and Lustek. y>;-. 
Th« Twin-tens Camera Companion. Xkwcomhe. 15 '-. 

Elementary General Textbooks. 
Brighter Photography. David Charles. 4/u. 
All-in-one Camera Book. Emancel. 7/0. 
Photographer's Guide to Better Pictures. Shkahcuoft. L>,'-. 
Successful Snapshots. SiiEAuruoEr. 
Teach Yourself Photography. Bowler. 4 ,.■(>. 
Your Camera and Ham It Works. 5/-. 

Enlarging, Printing axd Negative-makixc. 
Developing. Jacobsox. 10/6. 
Photographic Enlarging. Jordan. 25/-. 
Enlarging. Jacouson and Smetiiurst. o/u. 
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Perfect Negatives. Glover and Wakkkikld. 6/-, 
Focal Developing Chart. Emanuel a/6. 
Ail About Formulae. Jacousox;. i/6. 
All About Processing. Jacousox. i/'o. 

About Making Enlargements. Jacouson. 1/6. 
Photographic Enlarging. David Charles. ,|/G. 
Processing Miniature Films. Turner. »/& 
Projection Control. Mortexsex. ±8/6. 
Photographic Enlarging and Print Quality. Lootens. 25I-. 
Photo-Lab-Iudcx. Morgan and Luster. 57/6. 
/foiif.* Photography. David Charles. 3d. 

MlMIATURE PHOTOGRAPHY. 

35-J«m. I'hoto-techuiquc. Xewcomhe. 15/-. 
My Way with lite Miniature. Vixixg. 13/0. 
Le:ca Manual. Morgan and Licstiir. 30/-. 

See also Guides to Specific Cameras 

Photographic Science; Optics, Chemistry, etc. 
Photographic Emulsion- Technique. Thorne Baker. -25/-. 
Properties of Photographic Materials. Clerc. 12/6. 
Photographic Chemicals and Solutions. Chahthee .ud 

Matt lr i:\vs. 30/-. 

* Elementary Photographic Chemistry. Kodak, Ltd. 
Photographic Chemicals. Siiearcroft. 6/-. 
Home-made Papers, Films and Plates. Jacobsox. a/& 
Photographic Optics. Cox. 15/-, 

* First Hook of the Lens. WelsoWc-E Piper. 
Depth of Focus. Cox. 3/6. 

Exposure. 
Photographic Exposure. Tl-rm-r. 6/-. 
Guide to Correct Exposure. Shearcroft. 0/-. 
All .{bout Exposure.. Jacouso.w 1/6. 
Focal Exposure Chart. Emanuel, 

Filters: Colour Rendering in Monochrome. 
Photographic Filters. Glove 11 and Wakefield, 7/6. 
"Photography of Coloured Objects. Mees. 
I If or d Colour Filters. Ilford, Ltd. 5/-. 
\V ratten Light Fillers. Kodak, Ltd. a/6. 
Focal Filter Chart. Emanuel, a/6. 
All About Filters. Jacodson. 1/6. 
Lnfra-Rcd for Everyone. Greenwood. 15/-. 
Infra-Red Photography. Rawlings. 3/-. 
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Portrait ore and Lighting. 

Lighting for Photography. Xurnijehg, u/6, 
Art of Photograph tug Children, Partington, iv'b. 
Modern Portrait I'ccknitjiic. Leigh. 15,'-. 
Photographing People, van Wauknovkn. 
At! About Portraits, van Wadi-notkI 1 /6 . 
0;rc Lamp Only, van Wadtcnoyen. 1/6. 
Tit* Second Lamp, van Wadenoyen, i/O. 
f i-Vii.cj. 0/ Destiny. Kaksh. 30/-. 

3TAe Model. .Mortensen. 28/- 
Pieforial Lighting. Mouti'.nsen. 31/'). 
Outdoor Portraiture. aIoktknskn. 21/-. 

Flashlight. 
Synehrofiash Photography. Morgan. 15/-. 
Synchronised 1 flashlight 'Photography. Wakk fiklij a n d Smith . 

J' lush in Modem Photography. Mt) RTKX si: X . 31/6. 
Photo/lash in Practice. Gilukut. 13/6. 
Spcedlights. Palme. 13/-. 

Caiii;i;a Journalism and Professional Wobk 
Freelance Journalism imlh a Camera. Mallison. 7/6. 
Living on my Camera. Cash. 15/-. 
Photography as a Career. Kraszna-Krausz. 12/6. 
Selling Photographs. Alfieei. 1/6. 
To Be a Professional Photographer . R. H. Mason. Gf. 

Microfilming and Copying. 
Document Photography. Greenwood. 7/6. 
A!l About Copying. Greenwood, i/fe, 

JiETOL'CJIING AND FINISHING. 

J 5 1 Retouching and Print P'iiiishiug. Wakk field. (>/-. 
Colouring, Tinting and Toning. ■ W alley. 7/0, 
Retouching and Finishing for Photographers. A damson. 7/(1. 
Treatise on the Air Brush. Frazer and ST(NB< 15/-- 
"AH of Colouring Photographic Prints. Touias. 

Criui:s to Si'ixiFic Cameras: Constructional 
Books. 

Retina Guide. Fmanull. 3/6; 
Karat Guide. Emanuel. 3/0. 
Ihonfa Guide. Emanuel. 4/6, 
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Kordh Guide. Emanuel. 4/G, 

Coiitax Guide. Emanuel. 5/6. 

Lcica Guide. Emanuel. 5/6. 

E\ahta Guide. Em.wuix. 

RpUtifcx Guide. Frerk. 5^ 

Switching Over to 35-mm. Emanuel, 2/6. 

fljo'W Jr'tflW 0®M Enlargcr. Stevenson. 7/6. 

Making an Enlargcr. vax Wauknoyen. j/& 

/// r»>i ci Hit Gadgets. ' ' Ah.yteu r Photograph e R . 1 ' 7/6 . 

Colour. Photography. 

Cohur and the Camera, Thomson. 17/6. 

Making Colour Prints. Coote. 6/-. 

Colour Photography for the Amateur. Hexxey. 30/-. 

"Cohur Photography in Practice. Si>enceu, 

Art axd Pictouialism. 

Composition for Photographers. Haile. 15/-. 
New Photo Vision. Geiixsheim. 10/6. 
Photography and the Art of Seeing. Natkin, 15/-. 
Hovj to Muhe Camera Pictures. Johnson, ijj/-. 
Image Management. Haz. 17/6. 
Photography is a Language. Whiting, 35/-, 
*Principles of Photographic Pictorialism. Tilney. 
and very many others. 

Special Techniques. 

Bromoil and Transfer. Symes. 6/-. 
Medical Photography. Longuore. 35/-. 
Amateur Photomicrography. Jackson, 7/6. 
Fascinating Fakes. Natkin. 10/6. 
Table-Top Photography. Russell. 6/-. 
Photographing Models. Aherx. 3/-. 
Photography in Engineering. 42/r. 
Art of Pigmenting. Tilni:y iuid Cox. i/-. 
Simplified Stt rcoseopic Photography. Wilman, 6/-. 
Miniature Photography After Dark. Mixicam. io/u. 
Dog and Camera, Stacy. Sfb. 
Train and Camera. Stacy. 8/u. 
Mountain Photography. Milner. nj/fi. 
Nature and Camera. Pike. 13/1,. 
und many others. 
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When searching in a library for information, references can 
in a great number of cases be traced by consulting files of 
The B. J. Almanac, Photographic Abstracts, or the Kodak 
Abstract Bulletin. 

See also Periodicals. 

Borax (Fr., Borax ; Ital., Bot 'ace; Ger., Boysaures Xatron). 
Na = Bj0 7 ioH 2 0=3S2. Synonyms: Sodium borate, or bi- 
borate. It occurs in hexagonal prisms with 47 per cent, 
of water ; these are often so fine as to have the appearance of 
an amorphous white powder. There is also an anhydrous 
product known as fused or calcined borax ; one part of this is 
equal to 1 -S 9 parts of the crystals. Borax is found native in 
various parts of the world, or made by neutralising boric acid, 
with soda. Solubility of crystals : 3 per cent, in cold, 9S per 
cent in hot water ; very little soluble in alcohol, 60 per cent, 
in glycerine. It is used in toning, and as a weak alkali in 
many modern developers of fine-grain type. (See Develop- 
ment and Fine-Grain Development.) 

Boric Acid. (Fr. Acideboriquc ; Ger. Borsdurc) H 3 B0 3 = 62. 
Synonyms: Boracic acid, orthoboric acid. Used in conjunction 
with borax in certain fine-grain developers to maintain a con- 
stant alkalinity during use or storage. Solubility, 4 parts in 
100 of cold water, 39 parts in 100 of boiling water. 

Bottles. Bottles are an important item in the photo- 
grapher's outfit, especially if he is of an experimental turn of 
mind and keeps many chemicals. Strong acids should be 
kept in stoppered bottles. The stoppers should be greased 
with vaseline to prevent sticking, and all bottles should 
always be kept stoppered or corked and legibly labelled. 
Always pour from a bottle on the side. opposite to the label. 

Bottles may be obtained from the chemist, from laboratory 
furnishers, or " empties " from all sorts of sources may be 
accumulated. It is worth noting that most medicine bottles 
have their capacity, in fluid ounces, moulded on the bottom, 
and that the ordinary wine or spirit bottle holds one -sixth of a 
gallon, or j6= oz. (750 c.c.) The large wine bottles (Vermouth, 
Chianti) generally hold 1 litre, or 35 oz., while beer bottles 
hold ro, 20, or 40 oz. (2S4, 568, or 1130 c.c.) 

Before placing a solution in a bottle it should be thoroughly 
cleaned. The following are the best cleansing agents for 
removing traces of various substances from bottles :— 

Oil, Fat, Greasy Solutions.— Any strong alkali— e.g. ammonia, 
caustic potash, or soda, etc. 
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Glycerine.— Use, plenty of warm water. 

Resins, Varnish, etc.— Warm methylated spirit, and, failing 
that, a strong solution of potassium carbonate. 

Tin cl urns, Scents. — Methylated spirit, followed by strong 
ammonia and then water. 

Spent Developers. — Strong hydrochloric acid, followed by 
fine sand and water. A grey deposit of metallic silver is best 
removed with nitric acid, or with the cleanser given under 
Physical Development in the article Fine Grain' Development. 

Chalky Incrustations. — Dilute hydrochloric acid and then 
plenty of warm water, 

(See also Coiiks, and Labels.) 

Broken Dishes. See Mending. 

Broken Negatives. When a glass negative is cracked but 
the film is unbroken, it may be removed as described under 
Stripping Negatives ; but should the film be broken, lay 
the negative, film downward, upon a perfectly level surface, 
carefully place the fractured pieces together, and apply strips 
of gummed paper along the edges of the negative. When 
thoroughly dry, turn the negative over, and apply some strips 
of paper along the margin on the film side; allow it to 
thoroughly dry, and varnish the film. To print from broken 
negatives, lay the frames on a revolving gramophone turn- 
table, or place them at the bottom of a box without a lid, 



many pieces, a good plan is to sandwich the pieces between 
two clean glasses of the same size, and bind all together like 
a lantern slide. A positive on another plate should then be 
made by copying in the camera. This can be retouched, and 
a new negative made from it and again retouched. 

Another method for dealing with the crack is to drop some 
Canada balsam, well diluted with xylol, in it ; this, on drying, 
renders the glass and crack homogeneous. (See Negatives.) 

Broloid. A process, demonstrated by Oswald Stein to 
the Royal Photographic Society in 1940, by which the image 
on a bromide print can be reinforced or replaced by a pigment 
image. Working details have not been published, but the 
process appears to have a certain likeness to the Carbro or 
Carbograph processes [q.v.). 

Broraetching. A method of treating bromide paper (g.v.) 
so as to produce a result showing the texture of the paper 





Brometching 

etching. The process was first described by Richard Lluellyn 
in 'The Amateur Photographer for October 9th, 1935. 

The choice of paper for this process is important, as the true 
character of the " brometching " is most fully developed on a 
paper of rough or extra rough texture. 

The paper is given from two to six times the normal exposure, 
and is then developed fully, (living some fifty per cent, more 
than the normal time to allow the over-printed darks to reach 
their fall blackness. Rinse the print in water, and transfer 
to the etching solution, which is made up as follows 

Salt, 25 percent, solution . . . 3 parts 
Sulphuric acid, 12 percent, solution . . 1 part. 
Potassium permanganate, 2} per cent solu- 
tion , . . . . , (j parts. 
Wa|fer 240 to 320 parts. 

The separate solutions keep well, but the working solution 
should only be mixed at the time of use. The weaker solution 
is used when the exposure has only been about three times 
normal ; where it has been longer the minimum quantity of 
water should be taken. A 10 x 12 print will require some 
^o ozs, (570 c.c.) of the solution. 

The method of applying the " etch " is important, as it must 
not be poured directly on to any part that will appear in the 
final picture. It is best to mask one end or side of the paper 
to provide a space on which it can be poured. The use of a 
dish bigger than the paper is not recommended, as this accen- 
tuates the tendency to uneven action towards the edges. 

The whole of the etching solution should not be poured on 
at one time ; about a quarter of the required amount is enough 
for the first application. As soon as it is poured on, white light 
may be turned up to enable the progress of the action to be 
watched. When the etch changes from its original magenta 
to a brown-red it may be discarded, and a fresh lot poured on. 
This is continued until the brightest highlight is practically 
cleared of silver, when the print is washed until the wash- 
water no longer has a pink tint, and is then transferred to a 
fixing- bath made generously acid with mcta bisulphite. The 
image which up to this point has been flat, veiled, and stained, 
clears almost at once and stands out boldly in a rich charcoal 
black. 

Uneven action of the etching solution towards the edge of 
the print or elsewhere is generally due to the print not lying 
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quite flat in the dish ; the defect may be prevented, by suffi- 
cient soaldng after development. 

Brom-hydro quinone. 1-2-5 bromodihydroxybenzene = 179. 
Known also as adurol. Developing agent very similar in 
properties to dilorquinol ((/.r.) but of rather higher activity. 
It is no longer commercially obtainable. 

Bromide. A salt of hydrobromic acid HBr. The alkaline 
bromides arc used as restrainers in development, and for 
emulsion making. For individual salts, see under Ammonium 
Bromide, Potassium Bromide, etc. 

Bromide Paper. Paper coated with an emulsion of silver 
bromide in gelatine, with or without other silver haloids, and 
intended for obtaining prints by development either by contact 
printing or enlarging with daylight or artificial light. The 
emulsion is prepared in a manner similar to that in which the 
emulsion for dry plates is made. (Sec Emulsion.) 

Bromide paper is sold in both single-weight and double- 
weight thickness, the latter really being very thin card. In 
most makes a wider variety of surfaces, etc, can be obtained 
on double-weight paper, which is in any "case more suitable 
for large prints. Surfaces range from glossy to very rough, 
some being dull (i.e. non-re fie cting) while others have a 
distinct sheen. Surfaces of the latter "type have recently 
gained a great deal in popularity, largely because the blacks 
arc richer than on a completely non-reflecting surface. Many 
of the surfaces can be had on cither white or cream paper, the 
latter being particularly suitable for prints that are to be 
sulphide toned. The "white" papers of some makes are 
dual-purpose papers ; the base is tinted to a very slight 
cream or " ivory-white " colour which is effective no matter 
whether the prints are toned or left black. 

In the matter of contrast the worker is well catered for ; 
some makers offer paper (in certain surfaces only) in as many 
as six different grades of contrast. Whatever may be the 
contrast of the negative, one grade or another is bound to 
yield a good print. (Sec Contrast Grades.) 

A recent type of bromide paper, introduced in 19,10 under 
the name " Multigrade," combines a contrast)' emulsion 
highly sensitised to yellow light and a soft emulsion sensitive 
almost solely to blue light. Contrast is then determined at 
the time of ■printing by using a blue or white light for soft 
prints, and a yellow light if a contrastv print is required. Any 

6 7 



Bromide Paper : Exposure 

desired contrast can be obtained by placing a filter of the 
correct colour over the light, or, using two filters only, by 
dividing the total exposure in the required proportions between 
blue and yellow light. 

Different makes, and even different contrast-grades of the 
same make, have different speeds, but the differences are not 
great (a ratio of perhaps 5 to I among the well-known makes). 
No attempt to list speeds can ever be more than a very rough 
guide, as successive batches of nominally identical paper often 
have quite different speeds. Further, the speed changes quite 
appreciably during storage. For these reasons it is not worth 
while to keep records of the exposures required for printing 
different negatives. (See, however, Speeds of Printing 
Papers.) 

Exposing Bromide Priuls. 

Operations in the production of a bromide print or enlarge- 
ment must be conducted in yellow or orange light. The 
exposure is made by artificial light — i.e. gas, electric light, or 
magnesium. Printing should be carried on by the same light 
always, if possible, to get uniformity of results. 

The film side of the bromide paper,. even if not evident from 
the gloss or sheen, can be easily seen by its tendency to curl 
inwards. If there is any doubt, one corner should bo gently 
but firmly bitten ; the film side will adhere to the teeth. 

If incandescent gaslight or electric light is used for the ex- 
posure, this is turned on as soon as the printing frame is filled 
and the remainder of the paper has been put away in a place 
safe from the light. The printing frame is then placed at a 
definite distance from the light and the exposure made. 
It is essential to keep precisely to one particular distance, 
and a distance of 4 ft. from a 40-watt lamp is about right for 
the average bromide paper. Exposures may then be expected 
to vary from 1 to 20 seconds according to the make and 
contrast-grade of paper in use and the density of the negative. 
At 2 ft. the exposure required would only be one-quarter that 
needed at 4 ft. (Inverse Squares, Law of, q.v.). A test-strip 
is essential at the first trial ; cover up the frame progressively 
with a piece of card or black paper, moving it on after 1, 2, 4, 
8 and 16 seconds, so as to obtain a print different parts of 
which have received these exposures. Development will 
show which is correct, or if none is correct, whether the next 
trial should have longer or shorter exposures. 

It should always be remembered that bromide paper requires 
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to be developed for its full time ; the depth of the print is 
therefore only controllable by varying exposure. For a given 
depth of print, there is practically no latitude in exposure. 
Unless fully developed, neither the gradation nor the colour 
of the print is likely to be satisfactory. 
(See also Speeds of Printing Papers.) 

Development of Bromide Prints. 

The development of the print must be done in the dark- 
room by yellow light. The exposed paper is taken from the 
printing frame, or, if an enlargement, from the enlarging 
apparatus — both contact prints and enlargements are from this 
stage onward treated in the same way — and laid face upwards 
in a clean dish. 

If a good many prints are to be made, so that it is not 
uneconomical to use a fair volume of developer, the exposed 
paper may be simply slid, face up, into the solution. With 
big sheets this is difficult ■ it is then better to lay the paper, 
face up, in the emptydish and pour the developer on to it. 
When the quantity of developer to be used is too small to 
ensure rapid flooding of the print by either of these methods, 
it should first be soaked in water till limp, when the developer 
will spread evenly over its surface without difficulty. It is 
a good plan to wipe the surface over with cotton-ivool, or with 
the fingers, as soon as the developer is applied. This ensures 
that there shall be no air-bubbles on the face of the print. 

The dish is rocked, or the print moved about in the de- 
veloper, and if exposure has been correct, the image will make 
its appearance in a few seconds, and in a normal developer 
used at 65 0 P.j development will be complete in something 
less than 2 minutes. With correct exposure, there is little 
likelihood of over -development, as the action of the liquid 
seems to stop almost entirely. This is especially the case with 
, amidol. This stoppage of development may be taken as an 
indication that the process is finished, but should not be -relied 
on to the extent of leaving the print in the developer too long, 
or the whites of the picture may be degraded. 

When the print is judged to be fully developed — and it is 
well to remember that in the light of the dark-room it will 
i look darker than it will in daylight when finished — it is rinsed 
and placed straight into the fixing bath. 

If the print is too light, exposure has been insufficient, 
while if it is too dark, exposure has been excessive. In either 
case another print must be made, readjusting the exposure 
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suitably. If the contrast of the print is too great or too small, 
again another print must be made, this time using a paper 
triving less or more contrast. Since the speed of this paper is 
not likely to be the same as that already used, a fresh test-strip 
must be made unless the relative speeds of the two papers 
arc already known. 

Dei- elopers for Bromide Prints. 
It is always safest, particularly for the first trials with any 
individual make of paper, to use the developer recommended 
by the makers, and given in the instruction sheet accompanying 
the paper. Often this developer is available in packet or other 
ready-prepared form. Nevertheless, most bromide papers 
ivork well with any well-balanced developer. 

The standard types of developer for all bromide papers arc 
mctol-hydrorruiuone and amidol, and of these tlic former is 
now by far the most widely used. Makers' formula? for M.Q. 
-'~pcrs do not vary very widely from one to another, 
in the amount of bromide included, and the following, 
is a mean of the formuL-c of the leading makers, can be 
used with full success with practically any bromide paper. In 
a full bottle, well corked, the solution wdl'keep for long periods. 
Metol . . . 24 gr, (2.6 gms.) 

Sod. sulphite (anhydr.) . 400 gr. (4O gms.) 
Hydroquinone . . So gr. (9 gms.) 

Sod. carbonate (anhydr,) 320 gr, (37 gms.) 
Potass, bromide . . 4 gr. (0.5 gms.) 

Water to . . . 20 ozs. (1000 c.c.) 

For use, dilute with an equal volume of water. As it 
stands, this developer contains ^tb gr. of bromide per ounce, 
which is a minimum for any paper. More, up to about five 
times the quantity shown, should be added if the maker's 
formula suggests it, or if there is any tendency to fog. Too 
much bromide will give a greenish black. 

An amidol developer is claimed by many to give a finer 
colour than metol- hydro qui none, but it must be made up 
within an hour or so of use, and has the disadvantage of 
staining the fingers a rich brown. The following is a mean of 
the formukc of the leading makers. 

Amidol ... 50 gr. (G gms.) 

Sod. sulphite (anhydr.) . 240 gr. (^7-5 gms,) 

Potass, bromide . . S gr. (o-o gm.) 

Water to . * " ;. 20 oz. (1000 c.c.) 
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Variations in the quantity of bromide make much less 
difference wrtfc an amidol developer than with metol-hydro- 
tpiinone, but the above remarks concerning the effect of too 
much or too little bromide hold good also with amidol. 

It should be noted that with either developer, but particu- 
larly with metol-hydroipiinone, it is often highly advantageous 
to replace some or all of the bromide with a developer im- 
prover or anti-foggant. (Latitol, One-Four-Two). 

The prints after development should be rinsed in plain water 
and then fixed in an acid fixing bath {q.v.). iXhe prints should 
always be well fixed, for which purpose it is a good plan to 
put them through two fixing baths in succession. When the 
first bath is exhausted, its place is taken by the second, and 
a new second bath is brought into use. Economy in hypo is 
in this way combined with the thorough fixing so essential 
to permanence. (See Fixing.) 

The prints are next washed for half an hour or more in 
running water or in a dozen changes of clean water, allowing 
the prints to remain for 5 minutes in each change. After 
washing the prints should be treated with a hypo-eliminator 
{q.v.) and pinned up to dry. The edge of a wooden shelf is 
suitable for the purpose. Large prints may be suspended by 
clips from a line across a room, laid face tip on a towel on the 
floor, or laid face down on butter muslin stretched on a frame. 
Drying may be hastened, if necessary, by soaking the prints 
in methylated spirit after leaving the last washing- water, or 
they may be dried by heat, especially if a hardening fixer 
{q.v,), has been used. The emulsion will not melt if the print 
is kept in brisk movement to provide a continuous current of 
air over its surface, as it is kept cool by the evaporation of the 
water. A particularly safe method of rapid drying is by a 
blast of hot air, as from a hair-dryer. When dry they are 
straightened by passing under the edge of a flat ruler. 

Abrasion or stress marks are now seldom seen, but may 
sometimes occur on the surface of the prints — especially 
in the whites. They can bo removed wdien the print is dry 
by rubbing with cotton-wool wetted with methylated spirit. 
These marks ' are most likely to occur on glossy-surfaced 
bromide paper, particularly if the development has been forced. 

Warm Tonus an Bromide Paper. 

Brown or warm tones can be secured on bromide paper by 
development by greatly increasing the exposure and using a 
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very dilute and highly restrained chlorquinol developer, but the 
method is uncertain. It is very much more satisfactory to 
use one of the chlorc -bromide papers specially made for the 
production of warm tones. 

Very pleasing warm tones, however, can be obtained by 
using a pyrocatechin developer devoid of preservative. This 
developer, due to Dr. Julian Smith, is made up by adding, at 
the time of use, 40 grs. of pyrocatechin to 30 oz. of a 5 per 
cent, solution of potassium carbonate (.fi gms. to 1,000 c.c). 
Development must be carried out at about So 0 F., or at as 
high a temperature as the gelatine of the paper will stand. 
A little bromide may be required to hold fog in check. 

The usual method of obtaining brown or red tones on 
bromide paper is by toning the print, (See Tonimg.) 

Failures in Bromide Printing. 

Failures due to incorrect exposure, or choice of paper of 
the wrong contrast-grade, have already been mentioned. It 
only remains to add that dark-room light is misleading to 
those not accustomed to it, and a print that appears correct 
when seen in the dark-room may turn out, when seen by 
daylight, both less dark and less contrasty than it did when 
made. 

Stains, usually of yellow or brown colour, are a not un- 
common fault. They are in practically every case due to 
allowing the developer to oxidise in the paper. A quick rinse 
after development, followed by immersion in a fixing bath 
containing plenty of metabisulphite, will ensure absence of 
stains so long as the print is moved about for its first 15 or 20 
seconds in the fixer, and is not allowed to float up to the surface. 

Restoring Old and Spoilt Bromide Paper. 

Bromide paper that has been kept too long, especially if it 
has become slightly damp in storage, will often give Hat and 
grey prints, and in a bad case may show a mealy fog, especially 
round the edges. Unless too far gone, a developer-improver, 
or anti-foggant (Latitol, One-Four-Two), added to the 
developer, will generally prove a remedy. II this proves 
ineffective, the following treatment, which can also be applied 
to paper fogged by slight accidental exposure to light, will 
often save it. 
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The procedure is as follows. The following bath is made up : 



The stale or logged bromide paper is soaked in this solution 
for a minute. It is then transferred to a 2 per cent, solution 
of (anhydrous) sodium sulphite. 

Leave for another minute, rinse, and the paper is ready for 
use. It may be exposed at once in a wet condition, or can be 
washed and dried (in the dark-room, of course). The speed of 
the original paper is decreased approximately one- half by this 
method. 



Choice of suitable developers will give cither harder or 
softer results than a normal M.Q. or amidol developer would 
give. The following formula represent two extremes. 
For Contrast}' Res nils. 



Dissolve the caustic soda separately in cold water, and add 
to the rest of the solution. For use, dilute 1 part of above 
with 8 parts of water. As this developer tends to give stains, 
a stop-bath of il per cent, acetic acid should be used between 
development and fixing. 

For Soft Prints. The concentrated developer given under 
Paraminophenol in the article on Development gives very 
soft prints indeed. For use, take 1 part and make up to 20 
parts by adding water. Rather stronger blacks will be given 
if about 1 to 2 mins. per ounce of to per cent, potassium 
bromide solution is added. 

For Intermediate Contrast. A. L. M. Sowerby has 
suggested (Amateur Photographer, September 22 and ag, 1943) 
that the working solutions of the hydroquinonc and para- 
minophenol developers above should be mixed, in any required 
proportions, to give intermediate contrast. He finds that the 
available contrast -range can be divided into seven equal steps 
by taking the amounts of the hydroquinonc developer shown 
in the following table, and making up to a total bulk of 10 oz. 
(200 c.c.) by adding paraminophenol. 



Potassium permanganate 
Sulphuric acid 
Water . 



5 grs. (0-25 gm.) 
30 mins, (1-5 c.c.) 
go ozs. (1,000 c.c.) 



Controlling Gradation in Bromide Printing. 



Hydroquinonc 
Sodium sulphite (anhydr.) 
Caustic soda 
Potassium bromide 
Water to . 



1 oz. (50 gras.) 

2 oz. (100 guts.} 
1 oz, (50 gins.) 
I oz. (25 gms.) 
20 oz. {1000 ex.) 
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Metric British 

Lnwvsl Cnntrast None None 

4 I jj dr. 

lo a*: .1 oz. 

C.C. I " m.. 

-|o C.C. J oz. 

So c.c. 4 oz. 

I li^ticst Contrast 200 c.c. 10 oz. 



11 ic increase or decrease in contrast, produced by changing 
fro i)i one mixture to the next in order in the table, is the srtmc 
throughout the scries. 

The Sierry Process. This process, due to Stony, is capable 
of producing a very great softening of gradation. Prepare 
the following stock solution : — 

Potassium bichromate . 1 oz, (50 gms.) 

Water to . , .20 oz. (iooo c.c.) 

Ammonia (0.S80) . . 1 dr. (0 c.c.) 

For use, add from 100 to 200 minims of the above to 10 oz- 
of water (20 to 40 c.c, per litre). 

Expose sufficiently to print through the highlights of tho 
picture, immerse for 3 minutes in the diluted bichromate 
solution, wash for half a minute, and develop as usual. The 
strength of tile bichromate bath must be adjusted to suit the 
reduction in contrast required. Any yellow stain due to the 
bichromate can be discharged, after washing, by immersion 
in .1 saturated solution of alum. 

Very lull details of the S terry process will be found in the 
D. J. Almanac, 1933, p. 226. 

Retouching and Finishing Bromides, 

(Sec also Spotting Prints.) 

Retouching prints on bromide paper may be effected by 
means of a lead pencil, or preferably by a mixture of powdered 
graphite and crayon, a suitable hind of the latter being Conte- 
crayon No. 1, the touches being afterwards worked up with 
a stump. For the shadows Conte-crayon No. 3 should be used, 
whilst for the high lights and half-tones a harder crayon, such 
as No, o or No. 1, will be found useful. Special pencils are 
made for retouching bromide prints and enlargements, which 
will be found to answer every requirement. Small defects, 
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such as produced by pinholes in the negative, if they occur in 
a high light or otherwise white place, may be eradicated by 
scratching out with a lancet or oilier sharp -pom ted knife, or a 
needle mounted in a penholder. Enlargements on rough- 
surface paper are specially suitable for colouring with pastels 
or crayon, water colours, and oil colours, or by means of the 
air brush. Colouring with pastels or crayons is not difficult, 
the rough surface of the paper taking the colour well. For 
water colours it is advisable to gently rub the surface of the 
enlargement with a pad of fine linen or cotton-wool dipped in 
weak ammonia water, so as to make the colours take ; or 
diluted solution of ox-gall may be used for the same purpose. 
The enlargement must be absolutely dry before any colour 
is applied, or blisters and running of the colours will ensue. 

Medium for Bromide Prints and Pigmenting- One of the 
most popular methods of improving the quality of prints on 
matt paper is to treat the surface with the medium given 
under Dope. 

Its effect is to impart a slight gloss to the surface and 
to add considerably to the depth of tone of the shadows. 
Alternative formula; will be found under Encaustic Paste. 

If the high lights and shadows of the print are to be altered 
in tone a little oil-colour pigment of the correct colour is 
added to the medium. The artist's oil pigment sold in tubes 
is best for the purpose (that known as " blue-black " is 
admirable for black-and-white prints). 

The surface of the print has first to be prepared by rubbing 
over with plain turpentine applied with a wad of cotton-wool 
and polished off. A little pigment and medium is then taken 
up with another wad of cotton- wool and mixed on a piece of 
glass or a saucer and rubbed all over the print to produce an 
even grey veil of tone through which the details of the image 
can be seen. It will then be a comparatively easy matter to 
rub away high lights and strengthen shadows by means of 
further p'icces of cotton-wool. It is worth noting that water- 
colour spotting is una fleeted by this treatment. 

It is not altogether accessary to prepare a special solution 
for " doping " a print, as various household preparations can 
be pressed into service. Almost any type of colourless wax 
polish, intended perhaps for floorboards, boots, or furniture, 
will be found at least reasonably satisfactory, and one writer 
has definitely recommended the colourless " Mcltonian " 
polish for this purpose. Caution should, however, be exercised 
in using such a preparation as a medium for oil pigment ; a 
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Bromoil 



trial or two on a waste print will soon show whether it will be 
of value in this connection. (See Colouring Photographs- 
also Enlarging and Am Brush,) 

Glazing Bromide Prints. Glossy bromide prints may be 
given a high glaze by squeegeeing the print whilst wet down 
to well-polished glass, or ferrotype plate. If the prints show 
a tendency to stick, they should be soaked in a 5% solution 
of formalin before squeegeeing. (See Glazing Prints.) 

(See Development, Fixing, Washing, Hypo-Eliminators, 
Toning and Enlarging; also Intensification and Re- 
duction.) 

Bromide Pencils. Special crayon pencils for retouching, 
spotting out, and working up bromide prints and enlargements. 

Bromoil. A process for the production of prints in per- 
manent oil pigments on the photographic base provided by a 
bromide print or enlargement. Tt is thus a combination 
of bromide printing with the oil pigment process (</.v.). and 
the final result, although capable of enormous personal control 
in the alterations of tone gradations, and even form, may be 
regarded as a physical development of the bleached image of 
a bromide print, and therefore a continuation of a purely 
photographic action. The process is particularly suited for 
the production of large pictures in pigment, as bromide 
enlargements can be converted into bromoil prints. 

Practically any good make of bromide paper may be used 
but the type used should be specially prepared for bromoil. 
Modern papers are in general rendered unsuitable by reason 
of a super-coating of gelatine applied to prevent stress-marks. 
As a good deal depends upon the original bromide print or 
at least, upon the quality of it, it will be as well to devote a 
few words to this part of the process. Briefly, the print 
should be of a somewhat shorter tonal range than a print 
intended to be viewed without modification, it being accessary 
to avoid extreme darks. Development should not be carried 
to finality, but should be cut short at about two-thirds of the 
time usually required to reach this stage. If the factorial 
system be employed with an amidol developer, the factor for 
full development will be about 13. For bromoil work, a 
factor of S should be adopted. It is, of course, quite possible 
to get pictures in bromoil from indifferent bromide prints, 
pnats that are thin and fiat, or considerably over-exposed and 
under-developed ; but the matter is then more difficult, and 
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only the worker who is skilled in the process will succeed in 
getting good results. 

The developer best suited for the production of bromide 
prints or enlargements for bromoil is amidol. (See Bromide 
Paper.) 

Having obtained a good bromide print or enlargement, the 
first part of the process is to convert the black silver image 
into such a form that the shadow part will " take " an oily ink 
or pigment, such as lithographic ink, when dabbed on with a 
special brush, while the high lights repel the pigment. 

The print, which should be wed fixed and thoroughly washed, 
may be bleached immediately after the final wash, but with 
most papers better results are obtained if the print is dried 
between washing and bleaching. 

A great number of formula? have been put forward for 
making the bleacher. The following can be recommended ; — ■ 

10 per cent, copper sulphate 

solution . . . . J oz. (22-5 c.c.) 

5 per cent, potassium bichro- 
mate solution . . . | „ (15 c.c.) 

10 per cent, potassium bromide 

solution . . . k t , (15 c.c.) 

Pure hydrochloric acid . . 2 drops (2 drops) 

Water 9 ozs. (270 c.c.) 

This bleacher should be used at a temperature of 55° to 65 0 F. 
Bleaching is complete in about three minutes. When the 
print is completely bleached so that only a faint yellowish 
green image can be seen, it should be well rinsed in water 
and transferred to a bath of 10 per cent. hypo. 

The print may then be dried, or may be prepared immediately 
for pigmenting. 

Pigmc nitiig. 

To pigment, the bleached print is well soaked in plain water 
at a temperature of about 70 0 to 8o° F. for 30 to 60 minutes, 
but the precise time and temperature should be confirmed by 
experiment. It is then placed on a pad of wet blotting paper, 
and the surface lightly blotted to remove superfluous moisture. 
Well-washed butter-muslin or llufHess blotting paper can be 
used for "this purpose. When no visible wet can be seen on 
the surface of the print the " pigment " or " ink " can be 
applied. 
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The " inks " for the oil-pigment and bromoil processes are 
supplied in tubes. Those specially prepared for the purpose 
are the best, although hard lithographic inks can also be used 
very successfully. A little is squeezed out on to an opal 
palette or saucer. If too hard it is worked up a little with 
megilp or " Roberson's medium " with the aid of a palette 
knife, but should be still in a fairly stiff condition. If too soft 
it will simply adhere all over the print, and if too hard it mav 
not adhere at all. Special flat-ended brushes arc used for the 
pigmenting. These arc described as " stagfoot " brushes, and 
the tops are made askew. The best arc made of " fitch " hair, 
and a fairly large one should be used. The pigmenting is done 
with a soft dabbing action, and it will be found that the action 
of" hopping " the brush will remove colour, while " dabbing " 
will deposit it. The correct action can only be learnt with 
practice, but very little practice will soon give control over 
the final result aimed at. Do not be in too great a hurry to 
secure a finished print. Work a little at a time, but not too 
vigorously, until continued dabbing and hopping produces 
a well-graduated deposit of pigment on the image. Then 
gradually w^ork all over the print. Take care that the blotting 
pad underneath is kept thoroughly wet, but with no drops of 
water to get on the surface of the print. If this happens they 
can be blotted off and the print repigmented. 

It will be found best at first to apply a very little colour with 
a gentle action, gradually building up the image by successive 
applications of pigment. Afterwards it will be possible to 
apply the colour more boldly and in greater quantities. In 
this way the heavier shadows can be filled up quickly, and the 
picture evolved by the gradual removal of superfluous pigment. 
This latter method is certainly more effective for strong 
subjects and its speed is in its favour, but it will be as well to 
start with the other method first until greater certainty is 
attained. In any case it is always well to have a " pilot " 
print handy for reference while the pigmenting is progressing. 
This pilot print may be a small contact print or it mav be an 
enlargement on bromide paper. It will prove a good guide 
as to what is wanted in the final print, especially if any altera- 
tions in the tones or outlines are indicated. (See Oil-Pigment 
Process.} 

Bromoil Transfer. The pigment image of a bromoil print 
may be transferred to another piece of paper if the bromoil 
while still wet is brought into contact with the new base, 
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which should be slightly damp and both suitably protected 
with paper and card, passed through a roller press. An 
ordinary mangle will serve, but several special presses have 
been put on the market constructed essentially for the process. 
After the pigment image has been transferred, the bleached 
bromide print may be inked up again and another transfer 
made. 

Speaking generally, the same procedure may be adopted 
for the preparation of the bromide print for transfer as for 
bromoil, and, as far as suitable papers are concerned, the 
same remarks apply, except that rough surfaced papers 
should be avoided for the matrix. 

The degree of printing should not be carried any farther 
than for bromoil, any veiling of the lights proving undesirable, 
and the extent to which development is allowed to proceed 
should be much about the same, although, if the negative is 
at all inclined towards an excess of contrast, the factor may 
be reduced to 5, or even without adverse effect. 

After fixing and washing the bromide print, it should be 
dried, and the operations of bleaching, fixing, and soaking 
carried out at any convenient subsequent time, provided that 
the period docs not exceed one month. If it does, it is 
necessary to raise the temperature of the soaking bath to 
counteract the hardening of the gelatine that takes place 
with the lapse of time, the degree of hardening being uncertain. 
It is permissible, in the case of bromoil, for the print to be 
dried after bleaching, fixing and washing, and pigmenting 
deferred, within reasonable limits, until desired, but, while 
transfers can be made from prints so prepared, they do not 
work so easily or transfer so completely as prints that are 
inked up immediately after bleaching, fixing, washing and 
soaking without any intermediate drying. 

The soaking temperature may be slightly increased for 
transfer as compared w^ith bromoil. As a general rule, a 
margin of 5° F. will be sufficient, making the recommended 
temperatures from 75° to 85° F,, but the times of 30 to 60 
ininutes may stand, although, here again, it is desirable that 
the precise temperatures and times should be determined by 
experiment 

Inking Up the Print, 

Pigmenting, except for small prints which may be inked up 
in one operation with ink of a suitable consistency, should be 
arranged in three stages, a hard ink being applied all over the 
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print but of a consistency that will only take to any extent 
in the extreme darks for the first stage. When this" stage is 
completed, the print must be re-soaked, or rather re-wetted, 
for a period of not less than 3 minutes, the object being to 
restore the moisture in the emulsion lost by evaporation. In 
any event, the print shonld be re-soaked at intervals of 
20 minutes irrespective of the stage to which inking has been 
carried. 

After re-soaking, and provided as much of the hard ink has 
taken as will, the pigment may be softened or " let down " a 
little, preferably by the admixture of a softer type of pigment, 
and applied to the print. As with the harder ink, it should 
be well worked in all over, and, when this stage is complete, 
the darks will have very nearly attained their full depth ; the 
half-tones should be clearly defined and rather lighter than 
they should be in the finished print ; and the gradations of 
the lights should be faintly but distinctly visible. The 
texture, which after inking with the harder ink would be 
fairly grainy, becomes much smoother, but there is still an 
appearance of graininess in the image. After re-soaking 
again, the ink is again let down and applied as before through- 
out the print. The ink coalesces and the grainy appearance 
goes ; the tones throughout should be full and very rich ; 
and the darks may seem a trifle too heavy. The whole print 
should appear plucky and very brilliant— more so than if it 
were intended to be the final result. If not, a further re- 
soaking and another softening of pigment must take place 
and so forth until the proper degree of brilliance has been 
obtained. 

Transferring the. Image, 

The print is now ready for transfer in the manner described 
in the first paragraph, but it should be mentioned that the 
softening of the pigment, referred to above, should only be 
done little by little for each stage, and only towards com- 
pletion should it take with any real rapidity. If the bromoil 
matrix and the final support are difficult to separate after 
transferring, it is usually a sign that the ink has not been 
sufficiently softened in the last stages. If otherwise, sticking 
can be prevented by previously spraying the transfer paper 
with turpentine. 

If the darks fail to transfer properly, the cause may rest 
with insufficient pressure, but it is probable that either the 
ink has been let down too quicldy or the last applications of 
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pigment have not been softened enough, or, perhaps, have 
not been well worked in. The procedure outlined usually 
permits of transfer with a single pull, but with the smaller 
si2es, if the transfer should be too weak, it is generally possible 
to re-ink the matrix after re-soaking for about 20 to 30 minutes 
and re-transfer the whole or any part of the image, providing 
of course, precautions are taken to secure exact registration. 
In the very large sizes, it is impracticable to make such double 
pulls, registration being almost impossible on account of 
uneven stretching of the matrix under pressure, so that only 
single pulls arc feasible. If further transfers are required 
from the same matrix, it should be soaked immediately for 
30 to 60 minutes at the same temperature as originally adopted, 
the method of inking and transferring being repeated. Three 
or four transfers may be obtained in succession in this way, 
but, if the matrix is allowed to dry after the first transfer, 
the emulsion hardens very rapidly and does not readily lend 
itself to subsequent treatment. 

Brown Tones. See Toning. 

Buckle Brush, A convenient little instrument, made by- 
drawing a piece of silver wire bent in half through a piece of 
small glass tubing, a tuft of cotton-wool being caught in the 
arch of the wire ; the great advantage of this being that, when 
dirty, the cotton-wool can easily be replaced. It is convenient 
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to turn one end of the tube out like the mouth of a cornet, as 
shown herewith, as this shape gives firmness and stability 
to the tuft of wool. A small piece of sponge is often more 
convenient than cotton-wool, and a piece of string than a wire. 

Buffer. Term used in connection with solutions that 
resist change in acidity or alkalinity. An example will make 
the principle clear. If halt a gram of caustic soda is dissolved 
in a litre of water, the solution will have a very distinct 
alkalinity. This alkalinity can be precisely duplicated by 
replacing the caustic soda with a very much larger amount of a 
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mixture of a moderately alkaline- salt, such as sodium meta- 
borate, with an extremely weak aeid such as boric acid. 

Although these solutions, as they stand, have the same 
degree of alkalinity, their responses to the addition of acid or 
alkali are totally different, If half a gram of hydrochloric aeid 
is added to the first solution, the whole of the caustic sorla 
will be converted into common salt, and there will be ,1 little 
acid over, making the solution faintly acid. But the same 
amount of hydrochloric acid added to the second solution will 
convert a small fraction of the sodium metaborate into common 
salt, turning the boric aeid out from the metaborate in the 
process. This small reduction in the amount of metaborate, 
even though accompanied by a small increase in the amount of 
boric acid, will make only a negligibly small change in the 
alkalinity of the solution. This solution is therefore said to be 
buffered. 

Exactly similar results are observed if alkali — e.g., more 
caustic soda— is added in place of acid. In the buffered 
solution the caustic soda will combine with a little of the boric 
acid to form a little extra metaborate, again making very 
little difference to the alkalinity. 

During the course of development some acid is formed ; 
developing solutions, the activity of which depends upon the 
degree of alkalinity, are therefore almost always buffered 
against acid, though not usually against alkali. The necessary 
buffering is in most eases provided by using an alkaline salt — 
sodium carbonate, .sodium metaborate, and sodium phosphate 
arc the most usual — to provide, and maintain, the required 
alkalinity. (Sec also ^H), 
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Cabinet. A special size of the commercial photograph, 
which measures about 6 by 4 ins. 

Calcium Carbide. CaC : = 64. Reacts with water to form 
acetylene (<7-^-) 

Calcium Carbonate (Fr., Carbonate dc chaux ; Itab, Car- 
bonate di cnlcc ; Ger., Calciitmcaybonat , Kohhiisaitrcs Kalli, 
Krcide). C;tC0 3 = ioo. This occurs native in various forms, 
such as Iceland spar, marble, chalk, etc. It is almost insoluble 
in water, 0-007 per cent, being taken up by cold and 0-005 
per cent, by hot water : insoluble in alcohol and ether ; it 
is soluble in water containing carbonic acid, the bicarbonate, 
CaH,, (CO .,).., being formed. It is used for cleaning glass, in 
toning- baths, and for preparing other calcium salts. 

Calcium Chloride (Fr., Chlornre dc calcium ; I tab, Chrttro 
di catcio ; Gcr., Calciumchtorid). CaCb = rn. Made by 
dissolving chalk in hydrochloric acid, arid evaporating the 
solution. One part is soluble in 0-25 part of cold water and- 
0-15 of hot, in 7 parts of absolute alcohol. The salt is met 
with in two forms — as a crystalline substance and also in the 
form of white agglutinated masses. The latter lias been used 
for the preservation of platinotype and other paper, and acts 
by absorption of the aqueous vapour from the air ; and it will 
be found in time to become very moist, and, if left long enough, 
quite liquid. In either case it should be collected in a jar or 
iron vessel, and placed in a hot oven, when the water absorbed 
will be driven off and the salt will be as good as new so far as 
its hygroscopic qualities go. The form of preservative box 
most used was commonly called a calcium tube (g.v .). 

Calcium Tube or Box. This is usually a metal tube with 
an air-tight lid and, at one end, a separate chamber to contain 
fused calcium chloride (t/.t 1 .). It is used to prevent the action 
of moisture on certain papers, such as platinotype, etc. Carbon 
tissue, or other sensitised paper, may be kept for a long time 
in this manner in a perfectly dry atmosphere. 

Calculations and Constants. Sufficient data for the most 
important photographic calculations will be found distributed 
under various headings, as Eouivalkncii, Chemical ; Angle 
of View, Lenses, Thermometers, Weights and Measures, 
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Exposure, Focal Length, HyperfqcalDistamcf., Shutters, 
and Solubilities, but in this place a. few data arc given which 
do not come under these headings, or which may be con- 
veniently tabulated for ready reference : — 

Constants to Facilitate Rapid Calculation, mostly 
given as multipliers. 



Cubic inches x 

X 

„ feet x 

ii .. * 
„ inches x 
Circumference of circle 

x 

Diameter of circle x 

x 

squared x 
Radius x 
Circumference -f- 
Diameter 

Radians X 
Degrees x 
Length of arc 



■00058 
■01638 
•03705 
6-232 
■003607 
X -2251 
■ 282r 

•31831 
3-1416 
■7071 
■8862 

■7S54 

6-28318 

3-1416 

57'3i 
■01745' 



Arc of t° to rad. 1 . . 
Arc of 1' to rad. 1 . . 

11 1* ,, I 
Volume of prism and cylinder 
cone 

Metres X 
Litres X 
Grammes x 
Kilogrms, x 
Feet per second x 
Miles per hour x 
Gallons X 
Grains • x 
Pounds avoirdupois x 

„ avoirdupois x -009 

x -00045 
on sq. inch x 144 
foot x 007 



3- 3 Sr 
■2202 
•002205 
2 ■ 205 
■682 
1-467 

4- 541 
■0001429 
7000 



= cubic feet, 

—litres. 

= cubic yards. 

=imperial gallons. 

=side of inscribed square. 

= equal square. 

= diameter. 

= cfrcu mf eren ce . 

= side of inscribed square. 

= „ equal square. 

= area of circle, 

— circumference. 
= diameter. 

= 1-128 Varea of circle. 

= degrees, 

= radians, • 

= number of degrees x 

■017453 radius, 
= 0-01745329. 

*a 0-00029088, 
= 0-000004848, 

= base x height, 
-jr „ x 
= English feet. 
= imperial gallons, 
= lbs. avoirdupois. 

= miles per hour. 
=feet per second. 
= litres, 

= lbs. avoirdupois, 
—grains. 
= cwts. 
= tons. 

- iba. per sq. foot. 
= ., „ inch. 
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Square root of area x 1-12837 
,, ofdiam. of sphere x 3-1416 
Candle-power x 12-50 
Lumens x -07962 

Lux 

Foot-candles x 108 

Lux X '0985 

Lamberts x 10,000 

Base of natural logarithms e 
Log llv i- X 2 3026 

Si °'4343 



Camera 

= diameter of equal circle. 

= convex surface. 

= lumens. 

= candle-power. 

= candle-metre. 

= lux. 

= foot-candles. 
= lumens per sq. 
— 2-71S28. 
= Iog c r, 



metre. 



Planck's Universal Constant i=:6;<g5 x io-= 7 crg-sucs. 
Velocity of light in vacuo =300.000,000 metres per 

sec. 

= 18(1,000 miles per sec. 

Calgon. A proprietary preparation containing or consisting 
□f sodium hex amctaphosp hate (j.o.). 

Gallier Effect. Increase of contrast of negative when 
enlarged, or examined, in directed light. (See Enlarging.) 

Calomel, An old name for mercurous chloride (5.1/.). 
Calotype, or Talbotype: A process commonly named 
after its patentee, Fox Talbot, but called by him calotype 
(eoXr!?;, beautiful). It is no longer used, but is interesting as 
being the first paper negative process, used. The following 
is a short rfsumi of the process : — Stout paper, of an even 
surface and as grainlcss as possible, is brushed over with a 
solution of silver iodide in potassium iodide. It is, when 
partially dry, washed twice or three times in distilled water to 
remove the potassium iodide and dried, and it can be kept for 
some little time in this state, as it is but faintly sensitive to 
light. When required for exposure it is bmshed over with a 
solution of gallo-nitrate of silver or aceto-gallo-nitrate, and 
exposed wet ; the exposure required for an open view is about 
6 minutes. In all cases a faint image of sky-line should be 
apparent. The image is developed with a solution of gallo- 
nitrate of silver in excess of gallic acid. The negative is well 



washed, fixed in l\y 
then waxed or 1 



3, and washed and dried in the usual way, 
to Tender it translucent. 



Camera. The old term camera obscura, or dark chamber, is 
now shortened into camera, excepting in a few cases where an 
old-style tent-camera is used as an exibition at a sea-side or 
holiday resort. Everv form of camera now usetl is actually -a 
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dark chamber or box into which the image of external objects 
may be projected by means of a lens or other image-forming 
device. In the pre-piintographie days portable camera obscuras 
were made, by means of which the images o[ external objects 
were projected upon a sheet of while paper, and the outlines 
traced by means of a pencil. The first photographic camera of 
Nicephore Niepce appears to have been constructed about 
the year 1816, and in a letter written during this year he 
describes it as " a sort of artificial eye consisting of a square 
box fitted with an adjustable tube containing a lens." 

In the sixteenth century the camera obscura appears to 
have been literally a dark room in which spectators were 
taken in order to see wonders of image-forming by a lens, and 
it would seem that one of the first persons to construct and 
use a portable form of camera was the illustrious Kepler. 
General Water house has pointed out that Kepler, in his 
Dioplrice, published in ion, very clearly explains the principle 
of the telcphotographic lens ; i.e., the use of a concave back 
element for obtaining a larger image than would otherwise 
have been produced, and in a published letter of Sir Henry 
Wootton to Lord Bacon, there is an account of a visit to 
Kepler, at Lintz. Wootton says :— " In this man's study I 
was much taken with the draught of a landscape on a piece of 
paper, met bought masterly done ; whereof inquiring the author, 
he (Kepler) betrayed by a smile it was himself, adding that 
he had done it r.ou taw/nam pictor, sed tanquam mathenmticus:' 
Kepler then described his little black tent fitted with a convex 
lens, and how, when in the tent, he could trace natural objects 
with a pen. The box camera, fitted with reflector to erect 
the image, and a tele photo-combination having an adjustable 
negative lens, is described by Zahn in his Oculus. Ar'ificialis 
tdc-d:optricus, the first edition of which appeared at Wiirzberg 
in 1685. 

The earliest Daguerreotype cameras (1S39) were plain boxes 
which had to be taken whole into the dark-room. Then came 
the dark slide, and soon after the introduction of Talbotype 
(or Calotype) in 1844, attempts were made to construct light 
and portable forms of camera for tourists. The first were 
made with sliding bodies of wood, but soon lighter bodies were 
formed of a stretched bag of textile material or a light bellows. 
The Kinncar Folding Camera of 18C0, the first made with 
tapering beliows, marks a period. Most modern folding 
cameras are founded, however distantly, on this model. 

To describe in detail all the many patterns of camera that 
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have since been produced would be impracticable, but the 
following notes give some idea of the mam types that have been 
uut standingly important in the past or are now current. 

Thr Sin i:d, or Firld, Camera, (Wooden). A stand 
camera is always fitted with a focusing screen on which the 
image is focused and arranged with the lens open ; this is 
then closed, a dark-slide is put in to replace the screen, and the 
exposure is made. 

The typical instrument of this class lias two flat frames — 
front (for lens) and back (for dark slide) — united only by 
bellows. In erecting it, front and back are independently 
slid or clamped on to the horizontal bed, along which one or 
both can be moved for focusing by a rack and pinion device. 
Often the bed itself, consisting of two frames of square U shape, 
can also be extended or retracted. Many such cameras 
required their tripod as part of their base ; all were impossibly 
inconvenient to use in the hand. Consequently they were 
fitted with many " movements " ; front and back could be 
moved independently, they could be tipped forward, backward , 
or sideways, there was extensive rising front and long extension , 
the lens panel was removable for changing lenses, and the 
back could be removed and replaced so as to bring either long 



In the early models a cap was used for exposure ; later this 
was replaced by various crude shutters, but eventually the 
roller-blind shutter (see Shutter) became standard on this 
type of camera. 



time and convenience are of less importance than the ability to 
obtain the best possible result, the stand camera, though now 
regarded bv most amateurs as out of date, remains the best 
possible type of instrument. 

The Hand-ar-Stand Camera (Wooden). This represents 
an attempt to retain all the movements of the stand camera 
in a version suited also for snapshotting. The straight bed 
of the stand camera becomes a folding baseboard, the back- 
ward continuation of which is the bottom of a shallow box 
housing the lens panel and bellows when the camera is closed, 
To extend the camera into the operating position, the carriage 
bearing the lens-panel is drawn out along runners on the base- 
board and clamped to them in a suitable position ; for focusing, 
or for extra extension, the runners themselves move forward 
by a rack-and-pinion motion. 





8- 



- 



Camera 

In the early years of the century this type, of which the . 
Sanderson is the most famous example, had an enormous vogue 
among amateurs, and it remains probably the most versatile 
type of camera ever produced. For amateur work it is 
virtually dead in this country, save for one or two specialised 
branches of work such as architecture, but modern all-metal 
versions (Linhof, Speed Graphic, Kalart) are widely used by 
professional and commercial workers. Shutters, usually 
diaphragm (bet ween -lens.) 

The Folding Plate Camera {Wood ; later metal). This 
represents a simplification of the last type ; the reversing 
back and removable lens-panel are discarded, together with 
swing movements to front and back, though the rising front 
is retained. The focusing movement was usually by rack and 
pinion, but sometimes by lever or simple slide (see Focusing.) 
Double extension was by no means invariably available. 
Lenses at first were the simple achromatic or rapid rectilinear, 
but anastigmats were later fitted to the better models. 
Earlier models were of wood, later ones entirely of metal, with 
metal dark slides each holding one plate, and often an adapter 
for filmpacks, and in later years for roll films, as well. Shutters 
were almost always of diaphragm type. Although once very 
popular (about 1908 to 1925), this type of camera is no longer 
in favour ; it has neither the versatility of the true ' ' hand-and- 
stand " models, nor the convenience for snapshotting offered 
by instruments of more modem design. And in any case 
amateurs have now almost entirely discarded plates in favour 
of roll films. 

Box -Form Cameras. In the early days of roll films (circa 
1900), the box-form camera, was usual. This consisted of a 
rigid box holding the lens permanently at the correct distance 
from the film for sharp focus, and containing a long roll of 
film— at first on a paper base, then on celluloid as now. This 
was loaded into the camera at the factory, to which the com- 
plete camera was returned for reloading and to Imve the 
exposed film developed. One roll might accomodate up to 
a hundred exposures. Later the modem type of paper- 
protected roll film for daylight loading was introduced. 

Modern box-form cameras are all inexpensive, and all take 
roll film. A slow single lens (usually //14 or thereabouts), 
sometimes with rudimentary focusing adjustment, a single- 
speed shutter with "time" movement, and a pair of view- 
finders ; tins represents the usual equipment. 

Box cameras for plates in sheaths were at one time very 
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popular but have been obsolete for so Ion" that even second- 
hand, ones are now but rarely met. The high-water mark of 
this type was probably the N. & G. " Special B " for plates 
in dark slides, with anastigmat lens in multi-speed shutter. 

Under this head must also be included p the modern 
" Brilliant " camera, which, though externally resembling a 
twin -lens reflex, is actually a liigh-grade box camera for 
6x6 cm. pictures fitted with an exceptionally large finder. 

The Folding Roll Film Camera. The early models of 
folding roll film camera were simply folding plate cameras 
with a body adapted to take roll films in place of plates in 
dark slides ; many, indeed, would take either. But the film 
version has evolved into what is virtually a new type. The 
folding baseboard along which the front supporting tlie lens 
panel had to be drawn in opening the camera has ceased to 
carry the lens panel and has become only a cover, the front now- 
being rigidly supported at a fixed extension by a system of 
self-erecting struts. Focusing is taken care of, not by moving 
the lens-panel bodily, but cither by screwing the lens and 
shutter in and out of it on a helical focusing thread, or, more 
commonly, by screwing the front component only of the lens 
in and out, leaving the shutter and the rest of the lens im- 
movable. The provision of an cyelevel finder and a shutter 
release on the body of the camera has finally turned this type 
into a convenient and quick-acting snapshot camera. Being 
fairly low priced, it is by far the most popular amateur camera 
of the day, and has been since about 1930. 

More elaborate versions include a coupled rangefinder, 
automatic interlock between shutter and film wind to prevent 
double exposures, automatic film-advance to eliminate the 
once -universal red window, and other equally valuable con- 
veniences. Sizes range from i\ X 3£ ins. down to cine-film 
miniatures, and all but the cheapest models have fast high- 
grade anastigmat lenses and diaphragm shutters giving a wide 
range of snapshot speeds. 

Focal-Plans " Press " Cameras. • The folding focal- 
plane camera was introduced last century to give the Press- 
man, who frequently needs to take moving objects, the 
advantage of the only reliable and quick-working shutter then 
available. The typical Press camera consists of a frame con- 
taining the shutter, fitted at the back for plates in dark slides 
and with the lens carried on a flat panel supported at the four 
corners by struts and connected with the camera body by 
bellows. There is no baseboard ; for folding the struts 
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collapse and the front goes straight back on to the body, 
leaving the lens exposed. Focusing is done by focusing 
mount, as the camera, lias lixed extension. In early model's 
tlu! body was of wood, the shutter was a simple blind the slit 
in Which was altered by strings or chains on the shutter blind 
itself. Winding the shutter with the slide open and no cap 
on the lens meant a fogged plate. By degrees the shutter 
was elaborated ; it became controllable by knobs outside the 
camera and was made " self- capping," by winch is meant that 
the slit is closed during winding and only opens when the blind 
returns to make the exposure. It is quite the most convenient 
and quickly-used snapshot camera for plates that has ever 
been produced, and though not much used by amateurs, 
remains a great favourite with Pressmen. 

The Focal-Pkinc lifinrnture. Miniatures using cine 
him and fitted with a focal-plane shutter (Lcica : Contax), 
are the lineal descendants of the Press camera. The collapsing 
front is replaced by a draw-out tube for the lens, and a long 
roll of cine film, automatically advanced by the act of winding 
the shutter, replaces the more cumbersome plates in dark slides. 
Otherwise there is no fundamental difference but size. To the 
outstanding advantage of the Press camera it therefore adds 
further special advantages of its own. It has been elaborated 
with coupled rangefinder, interchangeable lenses of many 
different foci, special accessories allowing it to be used con- 
veniently and successfully for a wide range of work — such as 
copying — for which its fundamental design really unsuits it, 
and offers the unique advantage, largely made possible by the 
small size of picture made, of being capable of taking lenses of 
ext re m e ap e rt ures. // 2 is « sual , // 1 -5 n o t nil common , a n d s ti c h 
apertures allow of work in almost any conditions of lighting, 
natural or artificial. With all these advantages, this typo of 
camera is now an outstanding favourite with amateurs. (Sec 
also MixiATUiii: Caiieuas.) 

Jpfttf > li ffl e r Camera. The re 11 ex camera (q . v . ) , ori gi na ted 
early in the century as a cumbersome wooden box- form 
structure for plates in dark slides. In this type of instrument 
the image formed by the lens is reflected, by means of a mirror, 
to a horizontal focusing screen at the top of the camera. (See 
diagram.) In the single-lens reflex, to which class all the early 
instruments belonged, pressure on the release first lifts the 
mirror or allows it to spring up, thus covering the top focusing 
screen, and then releases the focal-plane shutter lying im- 
mediately in front of the plate or film. In spite of the 
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considerable bulk and weight of a wooden camera, with revolving 
or reversing back, built on the lines of the sketch, the gre:it 
advantage of having a focusing screen instead of only a view- 
finder, doubly appreciated by the early workers accustomed to 
stand cameras, lias always made the reflex a favourite type, 
particularly as the use of a focal-plane shutter allowed lenses 
of long focal length to be fitted without difficulty. A sharp 
lowering of prices in 1913, combined with the introduction of 
folding models, greatly enhanced its popularity, and in the 
early ninetccn-tw-entics amateurs used reflexes widely. 

With the drift towards roll film the popularity of the reflex 
waned again until revived by the introduction of the small all- 
metal roll-film reflex, usually for pictures 2$ ins. square, thus 
neatly avoiding the need for a reversing back. Of this there 
are two main patterns. One is the single-lens reflex with 




Sinsle-Lcaa Reflex. Tn'in-Lcn= Reflex. 



focal-plane shutter, built simply as a small modern version Of 
the original reflex and retaining .ill its advantages, including 
ready intercbangeability of lenses. The second pattern is the 
twin-lens reflex. This consists of a rigid box which forms the 
camera, on top of which is mounted a structure such as that 
shown in the sketch, but with the mirror fixed in x'osition. 
The lens m the camera proper (lower half) is matched to that 
in the reflecting view-Under (top half) and the two move 
together for focusing. The image seen on the top screen is 
thus an approximate duplicate of that which will appear on 
the film, and if the former is sharply focused, so also will be the 
latter. A diaphragm shutter is generally used in a twin- lens 
camera. This latter type has been brought to higher perfection 
in detail than the single-lens version, and offers gruat con- 
venience in use, together with sucli advantages as rapid 
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automatic filmwind and interlock between film and shutter, 
which for many outweigh the disadvantage of the restriction 
to a single lens. 

Quick-Fire Cameras. Certain miniatures arc so designed 
that a series of exposures can he made, when desired, with 
machine-gun rapidity. In one, a clockwork motor rewinds 
the shutter and moves on the film the instant the finger is 
removed from the reiease after making an exposure. In 
another, depression of a single lever after the exposure is all 
that is needed to make ready for the next. One well-known 
camera can be fitted with attachments for either of these 
modes of operation. For certain types of sporting work the 
" quick-fire " camera is ideal, and other applications, such as 
in portraiture, readily suggest themselves. 

Camera- Shake. Movement of the camera during the 
period of exposure. (See Hand Camera Work ; also 

BLURRING.) 

Camphor (Fr., Camplire ; Ital., Canfora ; Ger., Camphor.) 
This is obtained from several trees from Japan and Borneo. 
It is met with in solid, colourless, translucent, crystalline 
masses, usually covered with minute fissures ; it is very tough, 
but can be powdered by moistening with water, alcohol, or 
ether. It has a peculiar smell and hot, bitter taste. It is 
soluble o-i per cent, in water, 120 per cent, in alcohol, and 
also in ether and most oils. It is used in the preparation of 
celluloid and varnishes, and as an antiseptic. 

Canada Balsam (Fr., Baumc du Canada ; Ital., Bahama 
del Canada ; Ger., Canadabalsam). Synonym I Canada 
Turpentine. A pale greenish and faintly yellow turpentine 
obtained from various species of pine trees. It has the con- 
sistence of honey, and a pleasant resinous odour, "It slowly 
dries by exposure to the air into a transparent adhesive 
varnish. Insoluble in water, soluble in all proportions in 
alcohol. It is used for making varnishes, and for cementing 
lenses together, its refractive index being approximately 
the same as glass. The most useful solvents of the balsam 
are xylene and benzene. (See Balsamixg, Re-, of Leases ) 

Candle, Standard. See Staxuakd Candle. 

Candle -Metre, or Metre -Candle. Unit of illumination, 
now usually known as the lux. The illumination on a surface 
placed at one metre from a standard candle, or a light-source 
of cue candle-power (a. v.), is one candle -metre, or one lux. 
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Candle -Metre Second Canvas 

(Sec also Candle-Metre-Si:c:ond, Lu.mi;n, Lux, Candle- 
Powkh, Standard Candlk.) 

Candle -Metre Second or C.M.S. Unit of exposure, now 
usually known as the lux-second. If an illumination of one 
candle- metre or one lux falls on a sensitive photos rap liic 
surface for a period of one second, that surface has received an 
exposure of one candle- metre-second. (Sec Candle -Metre.) 

Candle-Power or CP. (See also Lumen.) Rate of 
production of light energy. Any light-source producing light 
at the same rate as a standard candle (q.v.), is said to have in 
output of one candle-power, or 13-56 lumens per second. The 
ordinary household gas-filled electric lamp gives approximately 
one candle-power for every watt of electric power consumed. 
The output of a photoflood lamp is equal to nearly three 
candle-power per watt. 

Note that candle-power is a visual unit. In comparing two 
light -sources of different colour, the one that appears brightest 
to the eye is always described as having the higher candle- 
power, however little it may affect a photographic film. The 
relationship between candle-power and photographic effect is 
thus not the same for lights of different spectral composition. 
(See Standard Candle, and Electric Light.) 

Canvas, Printing and making Enlargements on. The 

following method will enable enlargements to be made on 
artists' canvas, as a base for painting in oil colours. Wash 
the prepared canvas with — . 

Liquid ammonia . . . . .10 parts. 
Methylated spirit . . . . 40 „ 



: from grease, dry thoroughly before coating, Make 
the following : — Soak 7 parts of gelatine in 350 parts of dis- 
tilled water and dissolve by gentle heat. In the meantime, 
take 50 parts of fresh albumen and add 125 parts of distilled 
water, and, when well mixed, add — - 

Potassium iodide ..... 9 parts. 
Ammonium bromide . . . 4 
Ammonium chloride .... 1-25 

Beat the solution well, stand for an hour, fdter through 
llanncl, and add 135 parts of distilled water and the previously 
prepared gelatine solution. The mixture must be applied to 
the canvas with a Buckle or Blanchard brush or small sponge. 
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Cap Carbograph 

Dry thoroughly, and sensitise as required by distributing some 
ol the following solution over the surface with a Blanchard 
brush 

Silver nitrate . . . ,20 parts. 

Glacial acetic acid . . . 10 
Distilled water ..... 240 ,, 

Expose in 75 seconds after sensitising, and give about 
60 seconds' exposure with an ordinary negative and bright 
daylight. (A daylight enlargcr is necessary.) Develop with — 

Gallic acid 3 5 parts. 

Lead acetate O'Gpart. 

Distilled water ..... 250 parts. 

Apply in the same way as the sensitiser, rinse, and fix in 20 
per cent. hypo. (See also Su.11, Printing on.) 

Cap. The cover used to protect a lens against accidental 
injury. 

Caramel. When ordinary cane-sugar is heated to from 
.}oo° to 420° I'., the molecule of sugar C^H^On loses the 
elements of water, and caramel C^H^O, is formed. It is 
highly soluble in water, deliquescent, and has a deep orange- 
brown colour. It is used in photography in backing plates as 
a preventive of halation. The preparation of caramel is easy 
if sugar is heated in a saucepan over a slow fire and with 
constant stirring, a very little practical experience being 
sufficient to enable the operator to guard against over-heating 
and consequent carbonisation of the sugar. (See Backi:d 
Pi-ates and Halation.) 

Carbolic Acid (Fr,, Acitlc Fhc:'.ique : Gcr. : Cayboisdnre). 
C t H-OH = 94. Synonyms: Phenic acid. Phenol, Phcnylic 
alcohol, Hydrate of phenyl. A crystalline substance, which 
is not a true acid, obtained from coat tar by fractional dis- 
tillation. It is a powerful antiseptic and preservative, for 
which purpose it is added to gelatine and certain mountants. 
Solubility : 1 in 20 of water, mixes in all proportions with 
alcohol and ether. 

Carbofiranli. A orinting process which consisted of a 
specially prepared bromide-of -silver emulsion, incorporated 
with a pigmented gelatine, such as is used for carbon tissues. 
By this process direct enlargements and contact prints could 
be made by artificial light, under conditions similar to those 
adopted for bromide paper (q.v.). 
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Carbon Carbon Process 

The rationale of the process was briefly as follows : — 

The carbograph paper is exposed, developed and fixed 
exactly as in making a bromide print, but the image is only 
partly visible owing to the pigmented gelatine. Next, the 
image is bleached in a solution containing a chromate ; in this 
process the chromate is reduced and so tans the gelatine in 
proportion to the strength of the silver image. The principle 
is exactly that of Carbro {q.v.}, and bromoil (q.v.). The final 
image in pigmented gelatine is then developed with hot water 
as in the carbon and Carbro processes. 

Carbon. An elementary body which is met with in many 
forms ; native as diamond and graphite, also together with 
hydrogen in the coal deposits. The various forms of coke, 
retort scale, charcoal, and lamp black are nearly pure carbon. 
Carbon in this latter form was the original pigment used 
in carbon printing, and so gave its name to the process. 

Carbon Process. Carbon printing is a general term applied 
chiefly to those printing methods in which a pigment, which 
may be, and often is, carbon, is mixed with gelatine, gum, or 
albumen, and applied as a coating on paper. The film being 
made sensitive by soaking in a solution of an alkaline bichro- 
mate — or in some cases the sensitising material is added to the 
organic mixture in the first instance — exposure to light makes 
the bichromated organic matter insoluble, while the unexposed 
portions can be washed away. In the most usual form of 
carbon or pigment printing — also frequently called autotype 
printing — the starting point for the amateur or occasional 
worker is a material sold as carbon tissue, or autotype tissue, 
and this consists of paper coated with a thick layer of gelatine 
coloured with suitable pigments. 

Tin; Single Transfer Process. 

Briefly, the method of making a carbon print with sensitised 
tissue by single transfer is as follows : — The printing frame is 
filled with the required negative, or one of similar density, and 
a piece of gclatino-chloride P.O. P. is placed in contact. The 
time taken for it to thoroughly print is noted ; one-third of 
tins time will be sufficient to print the tissue. There is no 
visible image on the tissue, so this means must be adopted, or 
an actinomcter must be used. 

The tissue is put under the negative in the frame, and 
exposed to daylight for the required time. A narrow mask 
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Carbon Process 

should be placed between negative and tissue to act as a 
safe-edge. This prevents the edges of the pigmented gelatine 
washing-up during development. A sheet of thin rubber or 
American cloth should be placed behind the tissue to keep it 
dry. 

After exposure the tissue is removed from the frame, and 
put into a dish of cold water, in which a piece of " single 
transfer " paper should have previously been placed to soak. 
The tissue begins to curl, and in a minute starts uncurling 
again. This is the signal to bring the tissue and support film 
to film, holding them under the water, then press them together 
at one corner, and so, holding them face to face, slowly draw 
them together from the water. 

The tissue and support, now in good contact, arc laid down 
— tissue uppermost — on a sheet of clean blotting paper and 
gently but firmly squeegeed together to expel air bubbles and 
make adhesion good. All this may be done in daylight. 
They are left between blotting-boards for 15 minutes under 
pressure— a fiat board with some books on top answers. 

They are then placed in a dish of water at 1 00-105 * c - So ° n 
the coloured film begins to ooze out from between the two 
papers. Gently peel them apart, holding them wider the water 
all the time. 

The tissue is thrown away, and the muddy-looking support 
is laved with hot water splashed on with the hand. The image 
gradually becomes clear, and when all the soluble " mud " is 
washed out the print is rinsed in cold water, and. placed into 
a 5 per cent, solution of alum to discharge all bichromate salts. 
It is then finally rinsed and dried. The print obtained in this 
simple manner is, of course, reversed as to right and left. For 
many subjects this does not matter. If the image is required 
right way round, it must be re-transferred. 

The Double Transfer Process. 

In the double-transfer process a temporary support is 
required, from which the developed print is again transferred 
into its correct position. This temporary support may be 
either a mulled zinc plate, glass, or a specially prepared paper, 
according to the surface desired. From the temporary support 
again the print may be transferred to paper, opal, glass, 
porcelain, metals, ivory, terra-cotta, stone, wood, or other 
material. 

The special transfer paper or temporary support is a tough 
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Carbon Process 

should be placed between negative and tissue to act as a 
safe-edge. This prevents the edges of the pigmented gelatine 
washing-up during development. A sheet of thin rubber or 
American cloth should be placed behind the tissue to keep it 
dry. 

After exposure the tissue is removed from the frame, and 
put into a dish of cold water, in which a piece of " single 
transfer " paper should have previously been placed to soak. 
The tissue begins to curl, and in a minute starts uncurling 
again. This is the signal to bring the tissue and support film 
to film, holding them under the water, then press them together 
at one corner, and so, holding them face to face, slowly draw 
them together from the water. 

The tissue and support, now in good contact, are laid down 
— tissue uppermost — on a sheet of clean blotting paper and 
gently but firmly squeegeed together to expel air bubbles and 
make adhesion good. All this may be done in daylight. 
They are left between blotting- boards for ij minutes under 
pressure— a flat board with some books on top answers. 

They are then placed in a dish of water at 100-105° c - s °° n 
the coloured film begins to ooze out from between the two 
papers. Gently peel them apart, holding them wider the water 
all the time. 

The tissue is thrown away, and the muddy-looking support 
is laved with hot water splashed on with the hand. The image 
gradually becomes clear, and when all the soluble " mud " is 
washed out the print is rinsed in cold -water, and. placed into 
a 5 per cent, solution of alum to discharge all bichromate salts. 
It is then finally rinsed and dried. The print obtained in this 
simple manner is, of course, reversed as to right and left. For 
many subjects this does not matter. If the image is required 
right way round, it must be re-transferred. 

The Double Transfer Process. 

In the double -transfer process a temporary support is 
required, from which the developed print is again transferred 
into its correct position. Tliis temporary support may be 
either a mulled zinc plate, glass, or a specially prepared paper, 
according to the surface desired. From the temporary support 
again the print may be transferred to paper, opal, glass, 
porcelain, metals, ivory, terra-cotta, stone, wood, or other 
material. 

The special transfer paper or temporary support is a tough 
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smooth paper coated with shellac and rolled, and when required 
for use it is waxed to prevent the gelatine film trom adhering 
permanently to it, the following solution being used for that 
purpose : — 

Yellow resin . . . .36 grs. (4 gms.) 
Yellow wax . . . , 12 „ (1-35 gms.) 
Turpentine . . . . 2 ozs. (100 c.c.) 

Melt the wax, add the resin and turpentine. The substitution 
of ether for turpentine is a decided advantage, as the temporary 
support can be used immediately ; when turpentine is used 
some hours must elapse after the waxing solution has been 
applied to the paper, which is done with a tuft of cotton-wool, 
or flannel, and a fresh tuft of wool being used to polish. A 
piece of smooth indiarubbcr cloth or mackintosh, slightly 
waxed with the turpentine solution, is a very good temporary 
support. The printed tissue and the waxed temporary 
support, of whatever nature it may be, are immersed in cold 
water, till the tissue begins to uncurl and float flat; it is 
brought into contact, film side downwards, with the temporary 
support, and both raised together from the water, and then the 
squeegee is used to bring them into complete contact. They 
are then placed between blotting boards for 5 or 10 minutes, 
and immersed in a bath of water at a temperature of 105° 
or no° F. When the pigmented gelatine begins to ooze out 
at the edges of the paper, strip off the paper upon which the 
gelatine was spread, and keep washing the print with the 
hot water by throwing the hot water on to it with the hand, or by 
means of a cup or soft broad brush, or a small sponge. A certain 
amount of control in altering the gradations of the picture 
may be accomplished by increasing or decreasing the tempera- 
ture of the water. A stream of very hot water applied to 
any one spot will rapidly reduce the deposit of pigment present. 
As soon as development is complete the print is plunged into 
a bath of cold water to set the gelatine, and then it is placed 
in a 5 per cent, alum bath. This not only fixes the print by 
hardening the gelatine, but it also discharges the yellow colour 
of any remaining bichromate salt. 

It is allowed to remain in this bath for about 10 minutes 
or till the colour is entirely discharged from the whites of the 
picture, and finally rinsed twice or three times and dried. 
The print is now ready for transferring to its final support, 
of whatever nature that may be ; but before this transfer 
can take place it is necessary that the final support should be 
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Carbon Process 

prepared to receive it, for which purpose it is coated with a 
5 per cent, solution of gelatine. 

To prepare this, soak the gelatine in the water for an hour, 
or till soft, and then dissolve by the aid of a gentle heat. 
When dissolved, add gradually i part of i\ per cent, chrome 
alum solution to each 20 parts of the solution of gelatine. 
The commercial final support, which is a stout paper, is already 
prepared, and requires soaking in cold water for an hour before 
using. It is then put for 2 minutes in water at od c F., and 
returned to the cold water till wanted. The print on its 
temporary support and the final support, whether freshly 
prepared or not, are brought into close contact under the 
surface of water, and complete contact obtained by means of a 
eegec, and are then placed in blotting boards, or hung up 
perfectly dry, when the temporary support can he stripped 
olf, leaving the print in its proper position. 

Sensitising and the Spirit Sensitise n. 

If the tissue is obtained unsensitised in the first place, it is 
sensitised in the following bath : — 

Potassium bichromate . . 350 gr. (40 gins.) 
Ammonia (o<88o) 5 drops (0-5 c.c.) 

Distilled water . . .20 ozs. (1,000 c.c.) 

Air. Bennett has suggested the .following improved sensitiscr ;— 

Potassium bichromate . . 240 grs. (jo gms.) 

Citric acid . . . . 60 ,, || gms.) 

Ammonia (o-88o)* . . about 3 drs. (15 c.c.) 

Water . . , . -25 ozs. (1,000 c.c.) 

The second (weaker) bath will give more contrasty prints, 
but the paper will be slower. Immerse the tissue in the chosen 
sensitiscr for about 2 minutes at G5 0 P., making sure all air- 
bubbles axe broken. Then place the tissue face down on 
glass, squeegee out excess solution, strip off the glass and 
place in a warm dry dark place to dry. Drying ikusI be com- 
plete in at most three hours. It is ready lor use as soon as 
dry, but will keep, in a calcium drying-tube, for several months. 

When the finest detail is required, the tissue should be left 
to dry on the glass ; when dry it is stripped off and will be 
found to have a glazed surface. This, of course, is not retained 
in the finished print. 

• Tim is Uried l^t, sufficient to turn the HqulJ a pilt Icinmi cnlour. 
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For quick drying, use a spirit sensitiser prepared by mixing 
equal volumes of j\ per cent, ammonium bichromate: solution, 
acetone, and methylated spirit. Into a little of this in a small 
dish a pad of flannelette is dipped, and the solution is applied 
lightly, by rapid movements of the pad, to the face of a piece 
of pigment-paper. This should be wetted all over, but no- 
where soaked ; even application is essential. When surface- 
dry, it may be gone over a second time. The pigment-paper 
will dry in about ten minutes. Drying can be completed in 
front of a fire. 

If preferred, the tissue may be immersed in the spirit 
sensitiser ; it will take longer to dry, but a faster-printing 
paper will be produced. Keep the sensitising- bath in the 
dark. 

A spirit sensitiser can be obtained ready -prepared from the 
Autotype Company, whose booklet " The ABC Guide to 
Autotype Carbon Printing " contains very detailed instructions 
for the process. 

See also Cai;bro. 

Carbonates. Salts formed by replacing all the oxygen (or 
hydroxyl groups) of a base by the "CO;, group of carbonic 
acid, Most metallic carbonates are insoluble, as marble and 
chalk (both arc forms of calcium carbonate), but those of the 
alkali metals are soluble. Of these the best knowm arc the 
carbonates of potassium and sodium, the latter of which is 
washing soda (see Sodicm Carbonate). Both arc partially 
hydrolysed by water to give sodium (or potassium) hydroxide 
and carbonic acid. As the alkali is a very strong one, and the 
acid weak, solutions of these carbonates are markedly alkaline. 
Sodium carbonate in particular is widely used to supply the 
necessary alkalinity in developers. Its special value lies in 
the fact that as some of the freed hydroxide is neutralized, 
more carbonate hydrolyscs, so tending to maintain the 
alkalinity constant. 

Carbro. A process by which a carbon print can be made 
from a bromide print or enlargement. It is due to Mr, H. P, 
Farmer, who described his original process in The Amateur 
Photographer for April 2nd, 1919. The Farmer method 
has, however, been considerably modified and the process, 
the materials for which arc supplied by the Autotype Co., is 
now worked as follows. 

Type of Prir.i Required. Any standard bromide paper can 
be used, but platiuo-matt papers arc the easiest to work from. 
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The super-coating of gelatine on most modern papers (to 
prevent stress-markings) may cause diiliculty ; this can be 
overcome by starting with rather a dark print, or preferably 
by using; a paper specially prepared for Carbro or bromoil, 
from which this super- coating is missing. 

The print should be of good, but not excessive contrast, fully 
exposed and very fully developed. Fixing must be complete 
and washing thorough. If the print has no white margin, the 
pigment paper must be at least half an inch larger than the 
print. 

Stock Solutions, The solutions required are as follows : 
No. i. Potassium bichromate . i oz, (50 gms.) 

Potassium ferricyanide . 1 oz. (50 gms.) 

Potassium bromide . 1 oz. (50 gms.) 

Water to ... 20 ozs. (1000 c.c.) 
No. 2. Glacial acetic acid . . 1 oz. (50 c.c) 

Hydrochloric acid (pure) . 1 oz. (50 c.c.) 

Formaldehyde (40 per cent.) 22 ozs. (1100 c.c.) 

Water i 1 ozs, (75 c.c.) 

Working Instructions. Soak the bromide print and a piece 
of single transfer paper in cold water for ten minutes or more. 
Then immerse a piece of pigment paper (ordinary carbon 
tissue) for 3 minutes in a bath made by diluting 1 part of No. 1 
solution with 3 parts of water. During this time squeegee 
the bromide print face up to "a piece of glass, and then pour a 
little water over the print to re-wot the surface. 

Drain the pigment paper for 15 seconds, and immerse for 
15 to 30 seconds only in a bath made by diluting 1 part of No. 2 
with 32 parts of water. Remove the paper and rapidly 
squeegee it, face down, on the bromide print, being very careful 
that the pigment paper does not slip once it has touched the 
print. 

The time of immersion in the second bath controls the 
contrast ; 15 seconds gives a contrasty print, and 30 seconds 
a pale and flat one. For first trials, 20 seconds should be 
chosen. 

Print and pigment paper are lifted from the glass and placed 
between sheets of greaseproof paper for 15 minutes. Place 
the soaked transfer-paper face up on the squeegee board, and 
pour some water over its surface. Pull bromide print and 
pigment paper apart, drop the bromide (now bleached) into 
water, and squeegee the pigment paper face down on the 
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transfer paper. Place these between blottmg-boards for 20 
to 40 minutes. 

The bromide print is washed thoroughly, redeveloped for 
further use, washed again, and dried. 

Developing the Carbro Print. The pigment paper on the 
transfer paper is placed in a dish of warm water. Start with a 
temperature of about 95° F. Keep the two papers, still ad- 
hering, well covered by the warm water, and wait until the 
pigment commences to ooze round the edges. As soon as this 
occurs carefully lift one corner of the pigment paper, and, 
keeping the transfer paper under water, steadily strip the two 
apart. The transfer paper will now be seen to be covered 
with a thick coat of pigment. 

Gently splash the face of the proof with the warm water, 
and as the picture begins to reveal itself, the splashing may 
be local, if it is desired to reduce any particular portion ; 
should the print be too dark, the temperature of the water 
may be increased. When the development is complete, the 
picture is rinsed in cold water and placed in a 3 to 5 per cent, 
solution of alum until the bichromate stain lias disappeared ; 
it is then finally rinsed. 

The time of immersion in No. r bath of 3 minutes is applic- 
able to all pigmented papers except red chalk, in which case 
5 minutes is desirable. Under-immcrsion is indicated by 
heavy shadows lacking detail. 

It is sometimes convenient to develop the Carbro image on 
the original bromide print, without transferring. Print and 
pigment paper are put, un separated, into hot water at the 
stage when they would normally be stripped apart, and de- 
velopment is done as usual. To avoid frilling, it is essential 
that the original print should have had a white margin. The 
silver image may be fixed out in hypo, or, if preferred, may be 
redeveloped to reinforce the Carbro image. 

Fuller details will be found in the Autotype Company's 
booklet " The Carbro Process." See also Carbon Process. 

Carrier. A framework of wood used in the dark slide to 
enable the operator to use a plate smaller than the full size. 
The name is also applied to the holder for the negative in an 
enhirgcr, and to the sliding frame carrying the lantern slide 
in an optical projection lantern. 



Carte de Visite (or C.D.V.). A once very popular size of the 
professional photograph, measuring about 4 by 2 J ins. 




Celluloid 

chemicals arc often put 



Cartridge. Dry 




up ill cartridge form for the use of tourists, and home-made 
cartridges, made to a special size, an: often convenient, and 
may be refilled many times. Roll a sheet of pasted paper 
round a rod so as to form a tube, and when dry cut to suitable 
lengths and close with a cork at each end. 

The term cartridge is sometimes applied to roll films in 
spools. 

Cassette. Container in which 35-mm. film, which is used 
without backing -pa per, is put up for daylight loading into the 
camera. A cassette generally consists of a spool on which tile 
film is wound and a container, of metal or moulded material, 
which has a narrow exit slot for the film. This slot is light- 
trapped by a lining of velvet or similar material. In the all- 
metal cassettes of the Leica and Con tax cameras, the spool is 
surrounded with two concentric cylinders, each with a wide 
slot for the passage of the film. These slots, normally on 
opposite sides of the spool, are brought together, so opening the 
cassette, by the action of locking the base of the camera into 
position after loading. Unless a take-up cassette is used, the 
film is re-wound into the original cassette for removal from 
the camera. 

The name " cassette " is also applied to special containers 
designed for X-ray duplitiscd film technique, the principle 
being that of the ordinary printing frame. They ensure even 
pressure over the whole area of the film when intensifying 
screens arc used. 

Caustic. A term applied to corrosive or irritant chemicals. 
Thus silver nitrate is known as lunar caustic, and the caustic 
alkalies are the hydroxides of the alkaline metals. In optics, 
the locus of the foci of individual small elements of a lens or 
mirror suffering from spherical aberration is termed a caustic 
surface, or, when seen in cross-section, a caustic curve. 

Caustic Potash. See Potassium Hydroxide, 

Caustic Soda. See Sodium Hydroxide. 

C.C. Accepted abbreviation for " Cubic centimetre," q.v. 
C.C, is also used to describe collodiochloride printing-out 
paper and to indicate " cream crayon " — a special kind of tinted 
bromide paper. 

C.D.V. Abbreviation for Carte de Visite {q.v.}. 

Celluloid. A compact transparent material, the chief con- 
stituent of wliich is pyroxyline or dinitro-cellulose ; camphor 
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being the usual medium for quasi solvent) for agglutination. 
Celluloid dissolved in amyl acetate, acetone, or other suitable 
solvent, forms a useful varnish, (For a method of repairing 
articles of celluloid, see Acetone and Amyl Acetate. See 
also Film.) 

Cellulose. A substance of formula C 0 H 10 O5, which is the 
chief constituent of paper, cloth, and wood. Cotton-wool is 
almost pure cellulose. Treated with a mixture of nitric and 
sulphuric acids it forms a series of nitro-celluloses ; that in 
which two atoms of hydrogen arc each replaced by the group 
NOj is the soluble pyroxyline used in making collodion and 
ordinary celluloid ("nitrate base" for films.) For safety 
baso (non-inflammable) films, cellulose acetate is used in place 
of the nitrate. 

Cement for Glass, Porcelain, and Leather. See Mexd- 
ing and Marine Glue, 

Centi-. Prefix used in the metric system (q.v.) to signify 
" one hundredth of." A centimetre, for example, is a 
hundredth of a metre. 

Centigrade. Sec Thermometer. 

Ceramic Photography. See Enamel and Ceramics. 

Chalk, French (Fr., Talc; Ger., Talk), A hydratcd 
magnesium silicate ; occurs as a fine white powder greasy to 
the touch. Used for polishing glass surfaces to which wet 
prints are to be squeegeed for glazing. (See Glazing Prints.) 

Champlin 15, A complex fine-grain .developer due to 
Harry Champlin, an American experimenter. (See Fine- 
Grain Development.) 

Champlin 17. A semi-fine -grain developer due to Harry 
Champlin. For details and formula, see Choosing a Developer 
under Development. 

Changing Bags. The changing bag is a portable light- 
tight device used for changing plates when no dark-room is 
available. Generally speaking, the changing bag is made of 
opaque material with arm-holes, and if in box form it may be 
called a changing box. Many changing boxes and bags are 
described in the older boote on photography, and the attached 
sketch shows the general lines upon which a changing-box 
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Changing Box Chlor-Hydroquinone 

may be made up. A well-fitting light-trap (not shown) round 
the lid is necessary, and elastic should be fitted round the ends 
of the sleeves. 




Changing Box. A box, generally holding a dozen plates or 
two dozen cut films, which can be put on the back of a camera 
in lieu of a dark slide. Means are provided for bringing each 
plate or film to the front in turn for exposure. 

See also Changing Bag. 

Characteristic Curve. Graph relating the exposure 
given to an emulsion with the density resulting after develop- 
ment. (See SENSiTOMErRY.) 

Charger. Alternative term for Cassette (g.v.). 

Chemical Calculations. Reactions, and Equivalent 
Quantities. Sec Equivalence, Chemical; also Solutions 
and Solubilities, and Weights and Measures. 

Chemical Focus. The focus of a lens for blue light, which 
was the only light affecting the early plates and films. Sec 
also Chromatic Aberration. 

Chemical Fog. See Fog. 

Chlor-Hydroquinone. See Chlqrouinol. 
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Chlorides. A chloride is a compound of a metal or other 
clement with chlorine, the most common chloride being sodium 
chloride, or common salt, NaCl. (See also Hyqkociilohic 
Acid.) The so-called chloride of lime contains a hypochlorite 
as the active constituent. 

Chloro-Bromide Papers. Marketed under distinctive names, 
these are development papers intermediate in type between bro- 
mide and gaslight papers, and designed to give warm tones by 
direct development. Though slower than bromide paper, all 
varieties of chloro- bromide paper, save those expressly intended 
for contact printing, are fast enough to enable even, big enlarge- 
ments to be made without necessitating inconveniently long 
exposures. Indeed, one or two papers of recent introduction 
are but little slower than the fastest bromide paper. These, 
however, tend to give colder tones than the less rapid emulsions, 

Chloro- bromide paper is so ilexible a medium that, although 
the most superb prints can be obtained, it is easy to go wrong, 
in which case the print obtained may be of poor quality and 
unacceptable colour. This caa be avoided, and any pre- 
determined colour obtained with certainty, only by a syste- 
matic approach to the problems of exposure and development. 
Tackled in this way, the difficulties mostly fall away, and it 
becomes readily possible to obtain prints in a wide variety of 
colours from a slightly warm black, through a range of sepias 
or browns, to an almost red tint. 

If developed to finality in ordinary full-strength M.Cj. 
developer almost any chloro -bromide paper will yield a con- 
trusty print of a practically pure black colour. This black 
colour, however, is only reached at the very end of develop- 
ment ; in the earlier stages the partly-developed image is of a 
very decidedly warm tint. The colour of the image is not due 
to the presence of any kind of colouring matter, but arises 
from the fact that the silver of which the image is composed 
is deposited in a very fine-grained form. As development 
proceeds, the grains grow in size, until by the time development 
can be pushed no further they are large enough to give a full 
black colour. 

It is evident, therefore, that the earlier development is 
interrupted the warmer will be the colour of the final print 
and the longer will be the exposure required to give a print of 
normal depth. Further, any auxiliary factor that tends to 
give finer grain — choice of a suitable developer, addition of 
extra bromide, or extreme dilution — will also help towards the 
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prod ucf inn of warmer tones. Once this is recognised, control 
of colour begins to be fairly easy. It is only necessary to 
develop for the same time in a developer of the same compo- 
sition, and of course at the same temperature, to get the 
same colour every time. It cannot be too strongly emphasised 
that colour is controlled by developer and development time, 
and depth by correct choice of exposure. 

The notes that follow suggest a way in wliicli the character- 
istics of an unfamiliar paper may be investigated, and how the 
methods of treatment that best suit it may be discovered. 

The makers' instructions, though not always very compre- 
hensive, form a very good starting point for work with any 
paper. If varied tones are likely to be required it is a very 
sound plan to make up the developer offered for warmest 
tones, which will probably contain no metol. In preparing it, 
ignore the makers' recommendations as to amount of bromide. 
Put in enougli to stop fog (about 0,2 gm. per litre, or 2 grains 
per 20 oz. of working solution) and add more ag required from 
the usual bottle of " ten per cent." By developing to finality 
in tilis developer, a pleasant engraving black will in nearly all 
cases be obtainable. 

A typical developer of this kind is • — 

Hydroquinone ... 60 gr. (7 gms.) 

Sodium sulphite (anhydr.) . 550 gr. (62 gms.) 

Glycin . , . . 60 gr. {7 gms.) 

Sodium carbonate (anhydr.) . G60 gr. (75 gms.) 

Potassium bromide . . 2 gr. (0,2 gms.) 

Water to ... 20 oz. (ioeo ex.) 

Having found by means of a test-strip the exposure required 
for development to finality, a print may be made if it is desired 
to put the colour on record for future reference. This will be 
the coldest tone that the developer in use will give. 

To try for a rather warmer tone, make a new test -strip, 
making all exposures in excess of the minimum just found, and 
develop it for, say, a quarter of the time necessary for develop- 
ment to finality. Go strictly by the clock, and take no notice 
of the appearance of the strip. When it is fixed choose the 
section of correct depth, give the corresponding exposure to a 
full sheet of paper, and develop it by the clock, as before. 
Probably the print will bo exactly like the previous one, except 
that it will be of slightly warmer tone. If the jump in colour 
is large, it may be worth while to go back and fit in a print 
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between the two already made, developing for Iialf the time 
necessary for finality. 

Progressive shortening of development time will, of course, 
show a steady warming of tone, but the process canuot be 
continued indefinitely. How exactly the limit is set depends 
on the paper and developer in use ; it may be found that 
shadow-gradation becomes bad, giving dead blocked -up 
shadows, or, alternatively, the prints may become progressively 
flatter and duller. In this case, addition of bromide to the 
developer is called for. Owing to the low factor of the usual 
hydroquinone and glycin warm-tone developer, the print will 
be developing very fast at the moment it reaches the correct 
depth ; even if all else is well, this may make the process un- 
controllable at short development times of the order of 40 to 
50 seconds. 

When this stage is reached it is time to study the effect of 
dilution. Give a second piece of paper the same exposure as 
the last used, but develop it in quarter-strength developer. 
The time now is found simply by developing to the correct 
depth, but it must be noted for future reference. The print 
will always be warmer in tone than its counterpart developed 
in full-strength developer ; if the tone is very much warmer, 
try again, still with the quarter-strength developer, but 
developing for a longer time. This will give a colour not unlike 
one of those already obtained in full-strength developer, but 
will require much less exposure. Probably it will be of better 
quality, with less tendency to loss of contrast or dullness of 
shadow gradation. II maybe lahcn as a general ride that the best 
method of development is that for which the shortest exposure is 
■needed for a given warmth of tone.. 

As soon as increasing exposure results in falling contrast, 
bromide should be added. The effect on the colour is usually 
small, though if the tone is still fairly cold when bromide 
begins to be required it may impart a greenish tinge— pleasant 
or not, according to taste. The main result of adding bromide 
is to enhance contrast and extend the time of development. 
In noting development times, it is, of course, necessary to 
record both the dilution of the developer and the amount of 
bromide added. 

As the process of shortening development times or diluting 
the developer is carried further, warmer and warmer tones 
will result, their character and the means of getting them 
depending on the individual paper used. Two points, however, 
arc common to all papers. One is the danger of overworking 
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a dilute developer ; at high dilution a half-filled dish may con- 
tain so little real developer that it will only do one print. No 
system of time development will work except with fresh 
developer. The second point to watch is the regression, or 
" fixing out," of a very warm-toned print. Under the dark- 
room lamp the image may almost vanish in the hypo. Some 
little regression must be allowed for, but inspect a print by 
daylight to sec how dark it is, and remember that it will 
darken still further on drying. 

Chlorquinol. 1-2-5 chlorodihydroxybenzene Cl.CcH.^OlI), 
= 144-5. Synonyms: Chtarhydroquinone, Adurol. Developing 
agent similar in behaviour to hydroquinone (if. v.), but rather 
more active and much less sensitive to low temperature, 
J lay be substituted for hydroqiiinone in ratio o£ molecular 
weights (144-5 to no) in any developer in wliich the latter 
appears. Its chief application is in warm-tone developers 
for chlorobromide papers (q.v.). (See Devislofmkmt.) 

Chromatcs. See Chromium, and under the various metals. 

Chromatic Aberration. A defect in a lens in consequence 
of which it brings light of different colours to a focus in 
different planes. A lens suffering from chromatic aberration 
may be made to give a sharp image on a non-colouracnsitive 
plate, or by monochromatic light, but cannot do so when photo- 
graphing normally on panchromatic or good orthochromatic 
material. (See Lens and Focal Length.) 

Chrome Alum. See Alum. 

"Chrome " Films. See Films. 

Chromium. A metal most familar to the photographer in 
the form of plating on cameras, and the compounds of which 
are much used in the industrial arts. The chromatcs M'-CrO^, 
and bichromates (M' a Cr 5 0 7 ), when soluble, make gelatine and 
similar substances highly sensitive to light, the gelatine 
becoming insoluble. (See Carbon Process, Gum Bichromate 
and Artigug 's Process ; also Intensification.) 

Cinematography is the science of so-called " Moving 
Pictures." Photography is not essential to cinematography, 
but is by far the most convenient method of applying its 
principles. 

History. 

Cinematography is based on a mental illusion. If, for 
example, the eye momentarily sees a spot of light in a given 
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position, it is tliL'n cut off find succeeded by another spot of 
light a short distance away, and this process is repeated a 
number of times in succession in the same direction, and at a 
sufficiently high frequency, the mind ivill interpret the series 
of impressions as the movement of a single spot of light. 
The process is assisted by the phenomenon known as " per- 
sistence of vision," which was familiar to the ancient Greeks. 
It means briefly that the retina of the eye retains for a short 
period any impression it receives after the stimulus has been 
withdrawn. A modern application of the principle occurred 
in 1825, when Sir John Herschel demonstrated to his friend 
Charles Babbage that it was possible, by spinning a shilling at 
a certain speed, to see both sides of the coin at one time. Dr. 
Fittou, a friend of Mr. Babbage, on being told of the experiment, 
produced a few days later a round disc of card suspended 
between two pieces of silk, and having on one side a painting 
of a bird and on the other that of an empty cage. The rapidly 
rotated disc produced the illusion of a bird inside a cage. 
At a much later date this invention appeared again as the 
" Thaumatropc " of Dr. Paris, 

Due to the phenomenon of persistence of vision a number 
of successive but quite distinct images, alternated by periods 
of darkness, can be presented to the human eye in rapid 
succession without the observer being aware of variations in 
brightness. The minimum number of light alternations 
necessary to avoid " flicker " is 48 per second, which is super- 
imposed on the lesser rate of picture change by some form of 
shutter which causes each picture to be seen more than once 
before the next one is presented. 

In 1833 W. G. Horner patented the " Wheel of Life," or 
Zoetrope. A vertical cylinder was pierced with a series of 
evenly spaced vertical slots. The inside of the cylinder was 
lined with a long strip of paper bearing a similar number of 
pictures of a subject in motion. Observation through the 
slots while the cylinder was rapidly revolved gave the illusion 
of movement. The earliest pictures were hand drawn. 

In 1872 Eadweard James Iduybridgc, a native of Kingston- 
on-Thames, made serial photographs of a trotting horse at 
Sacramento race -track, and later on at the private race -track 
at Palo Alto of Leland Stanford, Governor of California, who 
financed the later experiments. Muybridge used 24 cameras 
in a row, loaded with wet collodion plates, the electro- 
magnetically controlled shutters being released by 24 threads 
stretched across the track, and broken by the horse as it ran. 
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He produced similar studies of other animals and of human 
beings, and later produced a modification of the old Zoctrope, 
which he called the Zoopraxiscopc, for projecting the glass 
plates on a screen. This instrument possessed the first form 
"of the shutter which is now commonly used for cutting off the 
light between successive pictures. In 1878 lie published the 
results of his experiments. 

In 1 38 1 he lectured in the laboratory of Dr. E, J. JIarey 
of France, who was conducting parallel experiments, and who 
produced an instrument which took 12 rapidly successive 
images of a moving object on a circular sensitive plate. Taken 
from a single viewpoint this represented an advance on the 
technique of Muybridge. 

In 1S82 Muy bridge, after touring the U.S.A., gave a demon- 
stration of his methods at the Royal Institution. 

In 1S8S he approached Thomas A. Edison with a view to 
linking the zoopraxiscopc with the Edison phonograph, hut 
the latter was not at that time sufficiently developed. 

The year 1888 marked the introduction of long bands of cellu- 
loid coated with fast photographic emulsions, as the result of the 
combined work of George Eastman and the Rev. Hannibal 
Goodwin. This greatly stimulated research in motion picture 
work, which was actively conducted by Dr. Marey, W. Friese 
Greene and M, Evans were using paper film for this purpose in 
England, and in 1899, they applied for a patent for a machine 
for taking and projecting moving pictures by means of a 
ribbon of successive photographs. 

Outstanding names of pioneers during this period were 
Birt Acres, W. Friese Greene and Donisthorpe in England, 
Edison in America, M. Demenv and Messrs, Lumiere in 
France, and Max S. Kladanowsky in Germany. 

The earliest machines were designed to be used mainly as 
coin-operated peep-shows, but by 1895, that is to say within 
seven years of the introduction of celluloid for photographic 
purposes, the bases of cinematography as we know it today 
had been well established. Since that time there have been 
enormous developments and improvements in technique, and 
cinematography has taken its place as a necessary part of 
modern everyday existence. 

We arc not here directly concerned witii the sound- recording 
aspect of film, but some details of its history arc of interest. 

In 1S57 Leon Scott in France had recorded sound-waves as a 
wavy line on smoked paper. In 1S77 Edison announced the 
successful recording of such waves on a cyhndcT coated with 
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tinfoil, and the reproduction or sound from tliem. The work 
of Clcrl; Maxwell in England, and Alexander Graham Eell in 
Boston, had greatly extended our knowledge of the nature of 
sound waves, and of the possibility of transmitting them in 
the form of electrical energy and reconverting this into sound 
after transmission. The first experiments had demonstrated 
the value of the selenium and of the photo-electric cell, which 
produces a tiny amount of electric energy when excited by 
light, more or less in proportion to the degree of excitation. 

The work of John Ambrose Fleming and Dr. Lee De-Forest 
had culminated in the production in 1906 of the De-Forest 
audion, a three-element vacuum tube or valve which provided 
the means necessary to amplify the sound so far obtained, and 
gave tremendous stimulus to experiments on sound reproduc- 
tion. It may be said with truth that most of the basic 
problems of sound reproduction had already been solved, and 
only the ability to amplify was needed to make practical 
application possible. 

During the period 1922 to T925 many experiments in talkies 
were conducted, prominent during this period being the 
De-Forest Phonofilm and the General Electric Pallo- 
photophonc. 

In 192G Warner Brothers and the Vita phone Corporation 
presented the first successful talking pictures to the world, 
using discs. 

In 1927 William Fox showed sound recorded on film, and 
launched the Movietone News Reel. The year 1928 may be 
recorded as when the sound-film was generally accepted. 

Technique 

Film for professional use, which is 35 mm, wide, is known 
as " standard " cine film. 

Negative material is almost without exception of the 
panchromatic, supersensitive panchromatic, or ultra speed 
panchromatic type, as a large proportion of all exposures are 
made in artificially lit studios. Positive film is non-colour 
sensitive, slow and fairly coutrastv. 

Roth types of film are perforated down the edges, negative 
perforations being a different shape to positive perforations, 
and both are made to very high standards of accuracy. These 
enable the various mechanisms used in Liking, finishing and 
projecting the picture to control the film with great precision. 

In the camera the film is stored in light-tight boxes, from 
which it is drawn by means of a sprocket or toothed wheel which 

III 



Cinematography : Technique 

engages in the film perforations. It is then pulled downwards 
intermittently through the camera gate, which holds the 
sensitive surface of the film rigidly within the fucal pla ne on 
which the image is focused. The image is recorded while the 
film is stationary, and when it moves down a revolving disc 
shutter, which is linked to the. transit mechanism, momentarily 
obscures the lens. After exposure the film is wound into a 
second light-tight box. 

For normal sound-film work exposures are made at the rate 
of 24 frames or pictures per second. The old silent speed was 
16 f.p.s. For speeding up slow movements the camera may 
be slowed down considerably, and for the study of such slow 
"things as plant growth individual exposures may be spaced 
many hours apart. An illusion of movement may be given to 
series of drawings or to otherwise inanimate objects by giving 
individual exposures and modifying the subjects between 
exposures. The analysis of extremely rapid movement is 
accomplished by speeding up the camera, in some cases to a 
frequency of several thousand pictures per second. Both 
these types of film record are of course projected at the normal 
speed of 16 f.p.s. and 24 f.p.s. for silent and sound films 
respectively. The higher frequency for sound film was 
considered necessary to give sufficient surface travel to enable 
successful recording and reproduction of high sound frequencies 
to be accomplished. 

Negative film is generally " processed " in a mechanism 
by means of which it is caused to flow continuously through a 
series of tanks containing the necessary solutions for 
developing, fixing and washing. In a more recently perfected 
method the various solutions are applied in the form of a fine 
spray and the film under treatment passes through glass 
fronted cupboards where it can be under observation' the 
whole time. After processing it proceeds to a drying room 
or chamber. 

The film is then printed. A roll of finished negative and a 
roll of unexposed positive film are loaded into a machine, and 
pass together past a printing point behind which a light is 
situated. The light can be controlled in intensity to com- 
pensate for differences in negative density. There are two 
kinds of printer (a) the intermittent, in which the negative 
and positive, in close contact, pause in the printing gate while 
the exposure is made, and (b) the continuous type of printer 
where the pair of films runs smoothly past a printing slit. 

Printers intended for large quantities of work arc of the 
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contact type, but for special work optical printers are used. 
These arc similar in principle to an enlarger or projection 
printer, tlie two films being separated, with a lens system 
between, the two films moving in opposite directions. The 
projection printer is used to introduce " effects " such as 
fading, " wipes," and multiple exposures from normal nega- 
tives which have been obtained in the camera. A duplicate 
negative is prepared from the original " master positive " 
thus obtained, and from this further " soft " positives, which 
in their turn yield the negatives used for making the large 
quantities of prmts which are supplied to the cinemas. 

The positive prints are developed in continuous processing 
plants as in the case of negatives, 

Sound is registered on a separate strip of film in a separate 
" sound camera," the vibrations being recorded in the form of 
a track by (a) the variable density method, by means of which 
varying intensities of light passing through a slit imprint a 
series of lines of differing width and density across the track, 
or (6) the variable area method, in which moving masks or 
other devices cause the area of exposed film across the width 
of the track to vary. In the final "married " print the 
narrow sound track appears alongside the pictures. 

The picture projector is similar in principle to the camera, 
except that the film is moved past the picture aperture by 
means of an intermittent sprocket or " maltese cross " move- 
ment, instead of a claw mechanism. Illumination is provided 
by a light of high intensity used in conjunction with a con- 
denser, but only the picture portion is projected on to the cine 
screen. A separate " sound head " scans the sound track. 
A small light in the sound-head projects fight through the track, 
and the variations in the track from point to point cause 
varying quantities of tliis light to pass onwards to a light- 
sensitive cell. Here the tiny current which is generated is 
passed through an amplifying network, and is finally used to 
actuate a system of loud speakers, from which sound emerges 
into the auditorium. The loud speakers are placed behind the 
screen so that the sound appears to emerge from the picture 
on the screen. 

Colour Film. (Sec also Colour Photography) . 

Space does not permit of an adequate survey of all colour 
systems, and only a few typical methods can be referred to. 

The association of movement with colour has presented a 
peculiarly difficult problem, but many attempts have been 
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made io solve it. One of the earliest methods, which still 
persists today, consists of taking colour-separation negatives, 
either through the normal three-colour filters, or through two- 
colour filters, aud afterwards combining them by printing 
them consecutively on the film strip and projecting them 
through three- or two-colour filters in correct order and in 
rapid succession. There are many disadvantages, the most 
outstanding being non-registration of the pictures due to 
movement of the subject while the exposures are being made. 

Fairly successful results have been obtained in the past by 
taking two-colour separations simultaneously through a beam- 
splitting device which diverted the incident rays in two 
■ directions on to two strips of negative material. The resultant 
negative pictures were used to obtain pictures in two colours 
complementary to those of the taking filters, and these 
pictures were then combined in somo preferred manner. 

The bi-pack method has also been used to obtain two- 
colour negatives. In this method two films are placed ill 
close juxtaposition, and by control of the sensitising of the 
two films, and the introduction of a dye filter layer, the halves 
of the spectrum have been recorded separately but simul- 
taneously with some degree of success. 

The processes which are most generally in favour at the 
present time rely on three-colour analysis and synthesis, 
using either the additive or subtractive method. 

Optica! process. An interesting optical process, which was 
principally used for sub-standard film under the name of 
Kodacolor, is the Keller-Dorian process. Here a tripartite 
filter in the three primary colours red, green and blue is 
placed in juxtaposition with the taking lens. The panchro- 
matic negative film is placed with its transparent back facing 
the lens, this back being embossed with tiny cylindrical lens 
elements running parallel to the length of the film. When 
the film is exposed the main lens " draws " the picture while 
the lens elements on the film base, by forming individual 
images of the tripartite filter, make the local colour selection. 

The reversal positive film obtained is in monochrome, but 
split into narrow vertical lines of varying density corrc- 
Muonding with the action of the lenticular elements. A similar 
tripartite filter is used in projection. Although this method 
lias been superseded in the sub-standard field, attempts have 
been made to revive the Keller -Dorian process for professional 
purposes, and a means has been evolved for copying the 
film. All other processes at present preferred use filter dyes 



Cinematography in Colour 

incorporated in the final projection print, in accordance with 
cither the additive or the subtract! vc method. 

Additive method. The chief representative of this class is 
Pufaycolor. (See Colouk Photography). The " still " and 
sub-standard film versions of this are processed as reversal 
material, but the 35 mm. lilm is developed as a negative, and 
is thereafter printed on to Dufaycolor positive film. Both 
the negative and positive materials have a geometrical filter 
pattern, known as a reseat!, and the relationships of these 
patterns in the printer and the method of illumination during 
printing arc designed to eliminate any possibility of interference 
patterns or " moire " in the final picture. The process gives 
great accuracy of colour, but there is considerable loss of 
transparency as compared with monochrome or sub tractive 
colour prints, owing to the obscuring of a large part of the 
film area by the controlling photographic densities. 

Snbtractive method. The chief representative of this class 
is Technicolor. In its earliest form it was a two-colour process 
the two negatives being obtained by means of a beam-splitting 
camera, the resultant dye-images being cemented back to back. 

Today it is a three-colour process, the three negatives being 
obtained by a combination of beam splitting and bi-pack. 
A gelatine relic! image is prepared from each negative, and is 
known as a matrix. The matrix is impregnated with colour 
complementary to the original colour sensitivity, and this is then 
offset by imbibition methods on to a strip of film carrying 
a gelatine coating. The three colour images are combined in 
this way and the matrices can be used a considerable number 
of times. Sometimes a grey key image is also included. 

Other methods, which were originally introduced as sub- 
standard film but are now becoming increasingly important 
in the 35 mm, field, are based on the integral tri-pack method, 
in which the transparent base is coated with three emulsion 
layers, interleaved with gelatine either clear or containing 
filter dyes. Each of the three layers is sensitive to one of the 
three primaries, and by various preferred methods a final 
result is produced in the cornplcmcntaries to these three 
primaries, consisting of dye images only from which all silver 
densities have been removal. One important advantage of 
this principle is that a normal cine camera can be used. Dupes 
from reversal originals can be obtained 011 reversal material. 
Original material can also be developed as a negative and 
printed on to appropriate positive stock embodying the tri- 
pack characteristics. The processes under this heading include 
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Agfacolor, Anscolor, Kodachromc and the new Ilford Colour. 

Another method in which .some important colour work has 
been done is Gasparcolor. which employs a. bleaching process 
to obtain the final result. 

AMATKUR ClNEMATOGRArnY 

Thc modem amateur cine movement may be said to date 
from the introduction of iG mm. and 9-5 mm. reversal fdm 
stock. Before that time attempts had been made to interest 
the amateur in moving pictures on him 35 mm., i-jh mm. (half- 
Standard) and 28 mm. wide. The latter size, introduced by 
Pathescope and Victor, was for projection only. The 17^ mm, 
film took the form of ordinary standard film slit down the 
centre. Glass plates carrying hundreds of small pictures in 
spiral formation were also used for projection purposes. 

Tn 1933 Kodak introduced 16 mm. Kodak Reversal film, 
together with the Cine- Kodak camera, and the Kodascope 
projector, while almost simultaneously there appeared the 
16 mm. Bell and Howell Filmo camera and the Victor camera. 
These cameras take daylight loading spools of film and are 
driven by a clockwork motor ; they are typical of a large class 
of sub-standard cine cameras. 

Other cameras use the charger, cassette or magazine loading 
principle. The charger principle was first adopted lor 16 mm. 
camera by Siemens, and in 1934 Kodak, Ltd., introduced 
the Magazine Cine- Kodak. 

The principle is the same in all cases, the cassette or magazine 
embodying the continuous transit mechanism for the film, 
while the intermittent claw is part of the camera proper, the 
film dropping into place in the camera gate when the cassette 
or magazine is loaded into the camera. Other manufacturers 
have adopted these principles. The advantages of this method 
are very rapid loading, and the ability to open the camera 
without fogging more than a very small part of the sensitive 
material. In the Kodak Magazine a sliding shutter obviates 
all fogging except under very extreme conditions, 

9-5 mm. reversal film started about the same time as 
16 mm., being introduced by Messrs Pathe of Prance (now 
Pathescope Ltd.), together with the Pathe 1 Baby camera and 
Home Cine Projector. The majority of 9^5 mm. cameras 
are loaded by the charger or cassette method, but there are 
one or two advanced instruments which use the daylight 
loading spool. 

8 mm. film was introduced in 1932, when Kodak put 
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out the Cine-Kodak S camera, projector and film. Since 
then a large number of instruments and several brands of film 
have been introduced. 

% mm. sensitive material is supplied in strips t6 mm. wide, 
but with perforations appropriate to the picture size and 
interval. It is run through the camera and exposed down one 
side only, then turned round and exposed down the second side. 
After processing it is split longitudinally and joined end for end. 
Relative Sices, 

Tlie following table gives a comparison of the most important 
dimensions of the sizes of film in most common use. 



N'liinlj'jr tit 

Film pi-r liiiL-iii Gitv.'.t ■ :.. rtam i^roieftoir apertures 



mm. iC> 22-05 mm. ;: I ^>"°3 mm. , 20-^nun. :-: 15*25 mm. 

lii H:T;i. *d la^imiii. « 7'471imi. 9-65111111. X 7.21mm. 

fi mm. So .f-Komm, >; j-jrnim, 4.37 mm. X v^S mm. 

rf'j miii. .fo-j a -50 ruin. M 6-5 mm, S-u mm, y. b-o mm. 



Nun:: Tolerances arc 11-05 mm., except for S mm., where ttiey art: 0-03 mm. 

Reversal and Negative-Positive. 

Most sub-standard film, is processed by the reversal methods 
in which the negative is first developed and then bleached out, 
and the residue of the emulsion is then developed into a 
positive image. This means that only one strip of film is used 
for both camera and projector, whUe the final positive image 
is less grainy, as the coarser grains arc destroyed when the 
negative is bleached out. 

In the case of Kodak reversal film, processing is carried out 
by photocell control methods which compensate to a con- 
siderable degree for errors in exposure, but have some slight 
disadvantages when it is deliberately desired to make use of 
departures from normal exposure or to make fades. 

Some companies also make negative film, which is developed 
in the usual wav and printed on to a separate positive strip 
in accordance with standard professional methods. This 
system offers advantages to the man who wishes to make use 
of the technical tricks permitted by the printing operation, 
and who wishes to have a number of identical copies from his 
original negative. 
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Copies From reversal originals arc generally made by printing 
on (o appropriate duplicating material which is process 1 to 
a positive by the reversal method. This method is also cm- 
ployed in making reversal colour duplicates. Any positive 
material can be duplicated in this way. It is also possible 
to make dupe negatives from reversal originals, and to prepare 
prints from these. It is not possible freely to combine all 
types of original and duplicate in one length of film as, accor- 
ding to the nature of the material, the emulsion may face in 
either of two directions, with resultant focussing problems 
during projection. 



ful instruments designed for work in large halls. In most 
cases the illumination is provided by a high-efficiency in- 
candescent electric lamp, but for super-size projection arc -lamp 
projectors are available. 

The user should avoid the fallacious practice of assessing 
the ernciency of the projector by the power of the lamp in the 
lamp house. The only true index is the actual light output 
from the lens measured in hi mens. 

The usual sizes of amateur screen for home use arc between 
4 and 6 ft. in width. The magnification at the latter sine, 
from a 16 mm. original, is of the order of 120 diameters. 

Stib-Sttwdttrd Colour Cinematography, 

Several systems of colour photography are available to the 
sub-standard worker. (See under Colony Film above}. 

Dufaycolor must be used in the camera with the emulsion 
facing away from the lens as the light must pass through the 
filter network, which is coated cn the transparent base, before 
it reaches the sensitive emulsion. The same position must be 
adopted in the projector. For Dufaycolor dupes the position 
is reversed. 

All additive colour reversal originals, as well as all mono- 
chrome reversal originals, are placed in the projector with the 
emulsion facing the screen, tiie duplicates with their emulsion 
facing away from it. 

All prints from negatives are projected with the emulsion 
facing away from the screen. (An exception to this would be 
Dufaycolor 35 mm. positive prints). 
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Conclusion. 

Sab-standard Jilm was originally introduced to provide a 
hobby for the amateur. Its possibilities have now been 
recognised in many other fields, and it is employed for manv 
serious purposes, a process which was greatly accelerated 
during the war. Many millions of feet were projected as a 
means of instruction for the armed and civilian force:;, and 
it now has an important place as a pedagogical aid. It is 
employed by both propagandists and advertisers. 

On the camera side it has been recognised by doctors, 
scientists and others as a valuable tool for record, research 
and training. One field in which it has played and will plat- 
an increasingly important part is the examination of high- 
speed phenome na . To. ki it g ad vanta gc o f t he s m al 1 s i z c . we ig 1 1 1 
and inertia of sub-standard film, technicians have evoked 
cameras capable of recording up to 3,000 exposures per second 
in the 16 mm. size and up to 6,000 per second in the S mm. 
size. It has also been found most convenient to use in cine- 
photomicrography owing to the smaller bulk of sub-standard 
cameras. 

Sub-standard sound ou film has been introduced, principallv 
in the form of sound prints and the projectors for showing 
them, in both 16 mm. and 9-5 mm. Some work has also been 
done on S mm. sound-on-iilru but at the moment of writ in 5 
it is not a variable commercially in this country. There are 
several cameras for the direct recording of sound ou 10" mm., 
either directly in the picture camera or in a separate sound 
camera, and the processing laboratories will undertake to 
" marry" sound track to either monochrome or subtrnctive 
colour film. 

Sub-standard colour film has already assumed an important 
position, particularly in tile medical and surgical held, and 
many amateurs now work almost exclusively in colour, in 
both 16 mm. and S mm. 9-5 mm. colour appears temporarily 
to be in abeyance, but we imagine this position will be remedied 
in the near future. The commercial and technical user, the 
technician and the educationist are all freely employing sub- 
standard colour film for their various purposes. 

Circle of Confusion. The image formed by the lens of 
a point of light — e.g., a star — is never quite a mathematical 
point, as it would be with an absolutely perfect lens, but 
is instead a tiny disc of light. This disc, or its diameter, is 
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Circle of Least Confusion Clearing Bath 

called the circle of confusion. The smaller the disc, the more 
perfectly corrected is the lens. 

The same term arises in discussing depth of focus UfMX in 
connection with which it is necessary to decide how far the 
image may depart from theoretical sharpness before appearing 
un sharp to the eye. The permitted departure from absolute 
sharpness is expressed by stating the diameter of the disc that 
can be permitted to do duty for the theoretical point. It is 
usually assumed that a circle of confusion of jj, t in. corre- 
sponds to the boundary between " sharp " and " unsharp " in a 
print held at the normal viewing distance of about 10 ins. 
from the eye. 

{See Dki'th of Focus and Hyperfocal Distaxck.) 

Circle of Least Confusion. If a pencil of light from a 
point source, after passing through a lens, does not converge 
to an absolute point before diverging again, the circle of least 
confusion is the diameter of the pencil at its narrowest. (See 
Astigmatism under Luns.) 

Clayden Effect. If an emulsion is given a very short 
exposure (,;/;-,;-, th. sec, or less) to a very intense light, it is 
partially desensitized, so that on subsequent exposure the part 
affected by the first exposure does not darken. This gives a 
form of reversal, and explains why lightning or electric sparks 
are sometimes shown as black on a print. 

Clearing Bath. Any solution used to remove stains, either 
on negative or print, f n the older books this term particularly 
referred to baths for the removal of developer stains, once 
very common, from negatives. 

Two typical baths of this land are : — 

Alum . . . . ioz. (25 gms.) 

Citric acid . . i oz. (is gms.) 

Water. . , . 5 oz. (250 c.c.) 

and 

Thiocarbamide . . 30 gr. (3-5 gms.) 

Citric acid . . 10 gr. (1-2 gms.) 

Water . . . 5 o«. (250 c.c) 
The second is the more drastic. 

The term " clearing " is now more generally ; 
removal of stains necessarily arising in some an 
tiou like intensifying or toning, and the most widely useiul 
clearing bath of this kind is a solution of potassium metabi- 
" s equivalent. This is used, for example, to remove 
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Clear- Spot Focusing Cloud Negative 3 

the permanganate or bichromate stain caused when using one 
of these chemicals in a bleacher. Details of such clearing 
baths are given as part of the toning or intensifying process. 

For a drastic treatment effective in nearly all cases of stain, 
see Stains. 

Clear-Spot Focusing. See Aids to Focusing under 
Focusing Screen. 

Clips. The wooden spring clips sold at oil shops can be 
made much less liable to injure prepared papers and prints 
if the gripping ends are dipped in melted paraffin wax. The 
gripping ends of metal clips may be dipped in the sensitive 
bitumen varnish mentioned on another page (see Asphalt 
Process). The coating becomes gradually hardened and 
increasingly protective by exposure to light. Special clips 
for holding prints or films when hung up to dry are supplied 
by most photographic dealers. 

Cloud Negatives. At one time every enthusiastic 
photographer provided himself with a series of negatives of 
clouds, and these he would combine, by combination printing, 
with those of his landscapes that showed a " bald " sky. 
Modern emulsions are so much more colour-sensitive that 
clouds can now usually be rendered reasonably satisfactorily, 
if any are present, and the practice of making separate cloud 
negatives has to a large extent fallen into disuse. Nevertheless 
occasions remain where clouds can with advantage be added 
to a picture, and if the photographer has a small stock of 
cloud negatives on which to draw he will always be in a. 
position to make the necessary improvement in his picture. 

Cloud negatives can be taken successfully on cither ortho- 
chromatic or panchromatic film, with or without a filter as 
circumstances suggest. The negatives should not be too 
contrasty, and except for special effects the clouds chosen to 
photograph should not be too dramatic. The exposure 
required is roughly one-tenth of that which would be given 
to the landscape as a whole. 

Thin light clouds against a blue sky are liable to he lost, 
or at least to stand out insufficiently well, unless a pale yellow 
filter is used to hold back the blue of the sky. With a deeper 
filter the differentiation is greater, and the clouds can be made 
to photograph as though more prominent than they actually 
were. A red filter (for panchromatic material only) will bring 
out the blue of the sky as practically black on a clear day, but 
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Clouds, Printing in Cold -weather Photography 

ii' the sky is the hazy blue-white so commonly seen in England, 
it red lilter may be needed to darken it sufficiently. 

Where the sky is entirely covered by clouds, a filter does 
not help, rind reliance must be placed entirely on correct 
exposure and development to separate the tones of grey. 

In all cases it is a wise precaution to include the horizon on 
the negative as a means of telling how high the clouds were in 
the sky. Nothing is more unsatisfactory than a print showing, 
near the horizon, cloud-formations characteristic of the zenith, 

Clouds, Printing in. Sec Combination Printing. 

Coated Lenses. Lenses in which the surfaces of the 
various component glasses have been coated with a thin film, 
usually of silica or evaporated flu o rite, to eliminate reflections. 
Complete prevention of reflection can only be brought about 
for light of one wavelength striking the surface at one par- 
ticular angle, but nevertheless the reduction practically 
obtainable is very great. In a lens of four air- spaced com- 
ponents the total loss of light by reflection is about 35 to 40 
per cent, of the total, and some at least of the light reflected 
reaches the film as scattered light, degrading the shadows and 
reducing contrast. By coating the lens this loss can be reduced 
to about 5 per cent., noticeably increasing the effective speed 
of the lens. With a coated lens at //g -6, the exposure need 
hardly bo more than that needed with an uncoated lens at 
%» 

Even more important is the elimination of scattered light ; 
the coated lens gives more overall contrast and markedly 
better shadow-rendering, leading to a print of much richer 
quality-. 

(See also Enlarging.) 

Cold- weather Photography, During the winter months 
certain precautions have to be taken with regard to the 
temperatures of the different solutions used if normal results 
arc to bo obtained. Particularly does this apply to the 
process of development. 

All chemical processes proceed more slowly at low 
temperatures than at high. If the developer is cold, develop- 
ment will in consequence take longer. This fact is allowed for 
in the "time and temperature" tables issued for many 
developers (see Develop;.!]' xt), but it must not be taken for 
granted that, even with the necessary prolongation of time, 
the resulting negative will be the same as if it had been 
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CoIIodio- Chloride Printing-out Paper Collodion 

developed at a more normal temperature. The behaviour of 
mixed developers such as M.Q. is liable to distinct alteration 
on account of the different temperature-coefficients of the two 
developing agents involved, A further difference is that a 
negative or print developed at a low temperature is liable to 
show signs of under-exposure that would have been absent if 
development had taken place at 60° to 0g°. The converse is 
also true, and it has long been accepted that for the develop- 
ment of under-exposed plates the developer should bo as 
warm as the gelatine will stand. 

For normal work in cold weather the developer should be 
warmed to 65 0 by standing the vessel containing it in a larger 
vessel of warm water. Dishes, measures and the tank should 
also be warmed by filling them with warm water, and the 
hypo bath should be brought to a temperature not much 
lower than that of the developer. 

The temperature of the dark-room should also receive 
attention, as if it is too cold not only is it rendered unpleasant 
to work there, but solutions, even if warmed to the correct- 
temperature, will cool down again before their work is done. 
An electric fire so placed that no direct light from it can reach 
the sensitive material, a gas fire with a small screen before it, 
or an oil heating lamp, arc all reasonably safe when working 
with even the fastest bromide paper. In negative making 
they should be turned out during the time, usually only brief, 
that the plates or films are exposed to any light there may be 
in the room. (See also Temi-ehature Coei-ticiicnt.) 

Collodio- Chloride Printing -out Paper, This was pro- 
posed by Wharton Simpson in iSGjj, and for some considerable 
time collodio-chloride was a very popular printing process. 

It was a variety of P.O. P. (see Celatin-o-Ciij_oi;i]'e 
PAPBR), in which collodion took the place of gelatine. Except 
in the form of self-toning paper it is now practically 

extinct. 

Collodion. The vehicle used in wet-plate processes for 
holding the haloid salts necessary for the formation of the 
sensitive film. It is prepared by dissolving pyroxyline (7.:.) 
in a mixture of equal parts of alcohol and ctlier, and it is a 
transparent glutinous liquid, which, when poured upon anv 
surface, leaves, by the evaporation of the solvents, a highly 
transparent and structureless film of pvroxyliue. A spedal 
kind of collodion, called enamel or leather collodion, is some- 
times used for enamelling prints (7 .!■.). 

123 



Collodion Processes Colouring Photographs 

Collodion Processes. A short account of the wet collodion 
process will be found under the heading Wet Collodion- 
Process, but this method is now scarcely .used excepting 
in connection ivith negatives for photo-mechanical processes. 
The reader is referred to the standard hooks on the subject — 
"Wet Collodion Photography," bv C. W. Gamble; "The 
Wet Collodion Process," by Arthur Pavne ; and " Collodion 
Emulsions," by Henry Oscar Klein. 

Colloids. Non-crystalline substances which do not diffuse 
through a porous membrane. Those of photographic interest 
include albumen, gelatine, cellulose, dextrine, starch, tannin, 
and caramel. 

Collotype. See Pjjoto-Mkciianical Processes. 

Colouring Photographs. Photographs may he coloured to 
approxi m ate t hos e of n atu re by variou s me an s . Watereolours 
are most difficult to apply satisfactorily unless sprayed on 
with an air-brush, but with considerable practice and patience 
prints may be cllectively tinted with water colours provided 
the surface is properly prepared for their reception. The 
gelatine of the print should first be hardened by the applica- 
tion of an alum bath or dilute formalin, well washed and 
dried. The surface should then be rubbed over with the 
following mixture : — t. 

Purified oxgall . . 30 grs. (4 gms.) 

Pure methylated spirit . . 2 ozs. (125 c.c.) 
Distilled water . . 8 ,, (500 ,, J 

When the surface is dry the print is ready for the reception 
of the colours. A medium composed of a small quantity of 
the best gum arabic dissolved in water to which a few drops 
of glycerine have been added will be found better than plain 
water. Sable brushes should he used. 

Very heavy colours (that is, very deep shades) need more 
gum in the medium to render them glossy on glossy surfaces ; 
but such a medium is obtainable of most dealers supplying 
suitable colours. Certain colours may be blended or mixed 
with good effect, although it is generally better to apply one 
shade over another to avoid the risk of one colour destroying 
another. 

Dyes and Stains are supplied by various photographic firms 
for colouring prints. They arc very simple to apply with a 
brush to almost any surface. Full instructions for use are 



Colour Cinematography Colour- Forming Developers 

always given with these sets of colours. These stains or dyes, 
which are obtainable in liquid form, in powder (for dissolving 
in water) and in the form of leaves (such as the Kodak Velox 
colours) are specially useful for tinting lantern slides and 
transparencies ; the beauty of the result depends entirely on 
the care and taste of the colourist. 

Transparent oil colours, thinned with turpentine and megilp, 
can also be used very effectively for colouring prints. It is 
necessary that the gelatine surface should not be broken or 
cracked, or the oil will get through and stain the paper. The 
colours are best rubbed or smeared on with little wads of cgtton- 
vvool, and finer touches put in with leather or paper stumps. 

PaHels can be used in a similar manner for tinting matt 
surface prints. The soft pastels can be applied either with 
stumps or wads of wool and subsequently fixed by steaming 
the print, or can be applied with the aid of a medium made 
by melting J oz. (10 gms.) of beeswax in a small jar standing 
in a saucepan of boiling water. Then add 12 grains (1 gm.) 
of potassium carbonate dissolved in 1 dram (5 c.c) of water. 
Remove from the fire and add 1 oz. (40 c.c.) of turpentine. 
Stir and pour into wide-mouthed bottle to cool. "Use the soft 
pastels and work up a little of the desired colour with some 
of the medium, so that it can be applied as a transparent tint 
with the stump. For further details, consult The Art of 
Colouring Photographic Prints, by J. Carrol Tobias, 

Colour Cinematography. See Cinematography. 

Colour Coefficient. The photographic image on a 
negative may be pure black, or it may be coloured. If the 
colour is no n- actinic with respect to the printing paper used, 
the print obtained will be more contrasty than one from an 
untinted, but otherwise identical, negative. The ratio of the 
gamma (q.v,), of the coloured negative, as determined from the 
print made from it, to the gamma of an otherwise identical 
untinted negative, is termed the colour-coefficient, or the 
colour-coefficient of contrast. For yellowish or brownish 
images it is normally greater than unity ; for a negative toned 
blue it is less than unity. 

Variation of the colour-coefficient is often made use of in 
practical work, when negatives are toned brown or red to 
increase contrast (see Intensification) or are toned blue to 
reduce it (see Reduction!. 

Colour-Forming Developers. Developers so compounded 
that they dye the gelatine in proportion to the amount of silver 
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image formed. Though the developing agent itself is usually 
colourless, flic oxidat ion -product into which it is converted as 
a result of developing the imago is either itself highly coloured 
or capable ol combining with some auxiliary substance in the 
solution to form a dye. The second method is that generally 
used, as the same developing agent can be made to lead to a 
whole range of different colours according to the composition 
of the auxiliary substance chosen. 

The silver image may be left, or may be dissolved away in 
Farmer's reducer or the like ; if this is done the final image 
consists entirely of the dye. 

This method can be used for the production of monochrome 
prints or slides, but is more commonly applied to the making 
of the three separate coloured images used in subtract! ve colour 
work. Formulae are given in the section on Dye Development 
under Fixx Grain Development, and solutions are obtainable 
ready-prepared under the name of " Chroiuinox." Sec also 
Colour PHOTOGRAPHY, and Sub-SUinclard Colour Cinemato- 
graphy under Cinematography, and refer to Making Colour 
Prints, by Jack Cuotc. 

Colour Photography. The earliest approach to the problem 
of the reproduction of natural colours by photography 
tool: the form of attempts to lind a substance that, when 
exposed to light, would take on the colour of the light falling 
on it. Some hint of the possibility of this was found in the 
fact that man;' of the early daguerreotype workers reported 
that, on occasion, a suggestion of the natural colours was seen in 
daguerreotypes when these were inspected at an appro r riatc 
angle. Otto Wiener suggested that the colours in question 
were due to the formation of stationary waves in the image layer 
as a result of reflection at the underlying polished surface. 

In 1801 Professor Gabriel Lippmann succeeded in obtaining 
colour pictures by a process working on this principle. He 
found that if a transparent grainless layer of silver halide was 
backed up by a pool of mercury and exposed in a camera, the 
light reflected back from the surface of the mercury interfered 
with incoming light to give stationary waves which were 
recorded in the sensitive layer as a series of laminae in the 
form of alternating layers of silver and clear gelatine. When 
such a plate is viewed at an appropriate angle by reflected 
while light, all rays in the white light arc absorbed save those 
whose wavelengths correspond with the spacing of the laminae. 
These are reflected, so reproducing the original colours. 



Colour Photography : Three-Colour Processes 

The Lippmann process can claim to be the only direct 
method of colour photography that has ever been carried to 
a, practical stage. Nevertheless, prolonged exposures, com- 
plicated apparatus, delicate manipulation, specialised material, 
and a final result which can only be seen when viewed in an 
inconvenient manner all combine to make the process, 
interesting as it is, quite valueless commercially. 

The Bkach-aui Process. 
A different approach to the problem of recording colour by 
the direct action of light depends on the fact, known since 
1S42, that if a dye is bleached by light the bleaching is brought 
about bv light of colour roughly complementary to that of 
the dye— that is, by light which it absorbs. Using the 
principles underlying the three-colour subtractive processes 
(sec later in this" article) Dr. H. J, Smith in 1906 coated a 
paper with a mixture of three light-sensitive dyes, and used 
it for making direct positive prints from a positive colour 
transparency. Th is U to pap er wa s a black material , 11 ecessa ri ly 
too insensitive to be used in the camera, but if exposed to 
bright daylight under a coloured design— stained glass, for 
example — a very creditable reproduction of the colours was 
obtained. No means of fixing these prints was found, however, 
and they had to be kept in the dark to prevent further bleaching 
of the colours by light. 

TmiKH-CoLOUK Processes. 
All modern colour processes are based, not on reproducing 
the colours of the original subject, but on providing an imita- 
tion that, though possibly profoundly different if spectro- 
scopically examined, appears to the eye as an exact match of 
the original colour. This is made possible by the fact that, 
as suggested by Young in 1807 and proved experimentally 
by Clerk Maxwell in 1S55, all colour perception is the result 
of three fundamental colour-sensations, singly or combined in 
various proportions. If, therefore, a spectrally pure mono- 
chromatic colour, consisting of light of one extremely restricted 
range of wavelengths, stimulates all three of the colour- 
perceiving elements of the eye in a certain proportion, all that 
is necessary to reproduce that colour with complete perfection, 
so far as the eve is concerned, is to reproduce the stimuli 
it causes. This can be clone bv mixing, in the rjglit proportions, 
three lights each of which separately affects one of the three 
colour-sensitive elements of the eye, and it may even happen 
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Colour Photography : Tliree-Colour Processes 

that none of these three lights includes the spectrum colour 
th.it their combination appears so precisely to duplicate. 

Additive Methods. 

The simplest approach to the problem of reproducing a 
colour is by seeking to provide each of the colour-sensitive 
elements of the eye with its own separate stimulus. That this 
procedure will work was demonstrated by Clerk Maxwell, when 
he showed that by projecting three separate circles of coloured 
light, one blue, one green, and one red, white light was produced 
at a point where they all overlapped. Further, yellow was 
seen when the red and green circles overlapped, magenta was 
formed by adding red to blue, and cyan-blue (blue-green) 
when blue was added to green. The tints of these composite 
colours could be varied over a wide range bv altering the 
relative proportions of the constituent lights. 

If a coloured object is photographed three times, using in 
turn red, green and blue filters, each plate will bear a record 
of the amount of one of these three primary' colours present in 
the subject. If a positive is made from each negative, and 
these arc projected in register, each from a separate lantern, 
and if further each positive is illuminated by light of the colour 
by which its negative was taken, the picture seen on the screen 
will be in full colour. 

Though the results given by this procedure can be as nearly 
perfect as those by any colour process yet developed, there 
are obvious difficulties and inconveniences. The same effect 
can be produced by making all three records on one plate 
through colour filters of microscopic size intermingled in close 
juxtaposition, each being too small to be seen individually. 
This is the basis of all the mosaic screen, or " screen-plate," 
processes. 

Their method of worlting is simple. If an object reflecting 
only pure red light is photographed, the plate is unaffected 
behind the blue and green elements, which absorb red light, 
but developable behind the red elements of the mosaic or 
"reseau." On development and subsequent reversal to a 
positive, each of the blue and green elements is blacked out 
by a deposit of silver, but behind the red elements there Ls no 
deposit. On looking through the plate, the only colour seen 
is red. 

If the colour photographed is more complex, involving all 
three colour-elements of the plate for its duplication, varying 
degrees of opacity are produced behind the three sets of 
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Colour Photography : Screen-Plates 

colour- screens, so that in viewing appropriate proportions of 
the total light arc allowed to pass each. These, blended by 
the eye, reproduce the original colour. 

Commercial Screen-Plate Processes. 

The Lumierc Auto chrome, the first commercially successful 
additive screen plate, and now obsolete, was typical of such 
systems. Three equal portions of potato -starch grains were 
dyed respectively red, green and blue-violet. The dyed grains 
were then mixed together and the mixture dusted on a glass 
plate covered with a tacky coating. The surplus grains were 
dusted off and those adhering to the glass flattened out under 
great pressure, producing a mosaic of microscopic colour filters. 
Upon tliis mosaic a panchromatic emulsion was coated, and 
the resulting plate exposed in the camera with the mosaic 
towards the lens, and reversed to a natural colour transparency 
in the usual manner. 

An exposure of approximately -„V of a second was required 
at fli o in midsummer sunlight. This plate was considered by 
many to be the most satisfactory screen-plate from the point 
of colour rendering, despite its relatively slow speed. It was 
withdrawn from the market in 1537 and replaced by " Lumi- 
color " — the same type of reseau coated on sheet film, and by 
" Filmcolor " — a roil film version. The former required a lens 
filter in addition, but the latter was used without filter. 

The Agfa screen-plate also had an irregular mosaic made up 
of grains of coloured resin, applied to the glass plate in a 
manner similar to that used for the Autochrome plate, and in 
practice required rather less exposure. 

The mosaic in the Duf ay color film is made by printing a 
greasy ink resist on a bluc-dyed cellulose-ester base, and first 
bleaching and then dyeing the interspaces green. The litho- 
graphic printing of the greasy resist is then repeated at an 
angle, followed by bleaching of the interspaces and dyeing 
them red. This produces a geometrical mosaic of blue and 
green squares separated by red lines — -roughly one million 
colour elements to the square inch. 

The Finlay plate, now obsolete, also had a geometrical 
mosaic, the individual elements being, however, of larger size 
than the Dufaycolor. It had the advantage that the mosaic 
colour screen was independent of the actual photographic 
negative. After the latter was developed, any number of 
colour positives could be made from the negative by the normal 
methods of lantern slide making— the monochrome positives 
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bound up in register with a mosaic colour screen for 



Duf ay color. — Dufaycolor, the British additive process, has 
been considembly improved in. the last few years. It is 
available in roll film, 35 mm. film for miniature- cameras, and 
in sheet him of the standard sizes. While the roll film material 
was originally sold for use without a filter, the latest material 
must be used with a filter appropriate for the particular light. 
The special photo flood emulsion has been discontinued. A 
daylight filter is supplied free with each roll of film, but can 
be changed if required for one to suit any of several types of 
artificial light. Processing, which is quite simple, is carried 
out either by the manufacturers (through a dealer) or by the 
consumer. The processing procedure consists in a first 
development in a solvent type of developer, a bleach to dissolve 
away the blackened silver, a clearing bath to remove the brown 
stain produced by the bleach, a second exposure to light for 
about a minute at about 18 in. from a 100-watt lamp, a 
redevelopment in the first developer to blacken the re-exposed 
silver, and a final hardening and washing. 

In addition to the normal roll film and sheet film emulsions, 
two others arc available, known respectively as " Process 
Medium " and " Process Hard." These arc appreciably 
slower than the standard emulsion, but have a somewhat 
higher contrast. Thus, " Process Medium " is .occasionally 
used in the studio when a slightly higher contrast than normal 
is required. For the reproduction of water-colours, colour prints 
and the like, " Process Hard " will usually give the better 
results. Processing of the " Process Medium " and " Hard " 
materials is very similar to that of the normal material. 



While the scrccn-platu processes have proved very popular, 
and have the great advantage of simplicity in processing, they 
have their disadvantages too. Firstly, the screen or risenu 
has to be made up of discrete elements which become visible, 
as grain or pattern, on enlarging, and secondly, the transparen- 
cies produced absorb a good deal of light. Even assuming 
perfect dyes, they must absorb at least two-thirds of the 
spectrum even at a point in the picture that is nominally 
" white " (no silver deposit). An average good transparency 
absorbs between 70 per cent, and 80 per cent, of light, calling 
for very high-power projection lamps if large pictures are to 
be shown. 




Subiractivc Methods. 
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More transparent pictures, free from riseau patten). can 
be h;id by Kubtrn.cti.vc methods. Instead of starting with 
darkness, and the building up three independent colour- 
stimuli, one for each of the colour-sensitive elements of the 
eye. a subtract! vc process starts with full white light, affecting 
all three elements to the full. Each of the three stimuli is 
then cut down to the required level by interposing the right 
amount of a dye — one for each colour — between the eye and 
the source of white light. 

A little consideration will show that for this process to work 
three requirements have to be satisfied. Firstly, three dyes 
are needed such that each absorbs one of the three fundamental 
colours — blue, green and red — to which the eye is sensitive, 
passing the other two. Secondly, three superposed layers, 
one of each dye, will be needed. And thirdly, variations in 
the depth of tint of each dye will be required to give the many 
colours of n, natural object; that is, the actual images, one to 
each layer, will have to be made of dye. There is no place 
in this scheme for the silver deposit used in screen-plate 
processes to block out light of unwanted colours. 

Subtracts™ Transparency Processes, 
Fischer and others, in Germany and elsewhere, proposed the 
manufacture of triple -layer films, each layer being made 
sensitive to one of the primary- colours. Thus the top layer 
could be made sensitive only to blue and violet {the old 
" ordinary " type of emulsion), the middle layer sensitive to 
green, and the bottom layer sensitive to red. If all three 
emulsions were made so thin that their total thickness did 
not appreciably exceed that of a single-coated film, then such 
a triple film could be used in a camera to produce the necessary 
analysis of the coloured image into its three primary components. 
If now these three images were developed as negatives, turned 
into positives by the well-known reversal process, and the 
positive images in turn converted into the complementary 
colours, namely, yellow, magenta, and cyan, the coloured 
sandwich so produced should give a satisfactory reproduction 
of the colours of nature. 

This will be understood if we consider a simple coloured 
pattern such as the Union Jack. If this is photographed on 
such a tri-pack film, the blue portion of the image will register 
on the top layer, the red on the bottom laycT, and the white 
in all layers, for white light contains all three coloured com- 
ponents. If now this film is developed as a negative and 
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reversed into a positive, then we shall have clear spaces in 
the top layer where the blue image appeared, clear spaces in 
the bottom layer where the red was registered, and clear 
spaces in all three layers where the white images appeared. 
Thus the finished film, when held up to the light, will be clear 
or white, throughout, in the position of the white crosses. 
There will also be a clear space in the cyan layer where the 
red image appeared, so that between our eye and the light we 
shall have yellow and magenta dye, the yellow absorbing the 
blue, and the magenta the green, allowing red light only to 
reach our eye. In the top layer there will be clear spaces 
where the blue image appeared, with magenta and cyan dye 
in the line of sight, absorbing the gTcen and yellow respect ively, 
permitting only blue to reach the eye. The same reasoning 
will indicate how all other colours in the spectrum are produced 
by this method. 

In practice, while it is not difficult to produce an emulsion 
sensitive only to blue and violet, an emulsion sensitive only 
to green is most difficult to produce, although the normal 
orthochromatic emulsion, which is sensitive to blue and green, 
is available. If we introduce between the top two layers of 
the sensitive film, during manufacture, a yellow dye (which 
can be removed during processing), this will absorb any blue 
light going beyond the top layer, thus allowing only the green 
and red to reach the lower two. An orthochromatic emulsion 
can therefore be used in the second layer, and owing to the 
absorption by the yellow dye of the blue element, will record 
only the green, for this emulsion is not sensitive to red. It is 
quite practical to make a further emulsion sensitive to blue 
and red with a pegligiblc green sensitivity, and this is therefore 
used for the bottom layer, recording only the red, as any blue 
is already absorbed. 

The next big problem is the conversion of the reversed layers 
into the appropriate complementary dyes. Fischer proposed 
to do this by incorporating in each layer certain chemical 
substances which would react with a suitable developer to 
produce coloured dye-products in proportion to the silver being 
produced. Such chemicals to produce yellow, magenta, and 
cyan dyes were known and suggested in Agfacolor patents, 
but were not immediately applied commercially, for on the 
one hand there was great difficulty in preventing the dye- 
products wandering from one layer to another, and on the 
other hand there was a tendency for the sensitising of one 
layer to affect that next to it. For example, the bottom layer 
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tended to react with the middle layer, producing a red sen- 
sit ivitv. 

Kodachrome. — Mannes and Godowsky, working with the 
Eastman Kodak organisation, succeeded in overcoming 
certain practical obstacles in connection with these three -layer 
films, with the result that Kodachrome, first of all in i(3 mm. 
cine size and later in 35 mm. still camera film, was placed on 
the market in 1936. In Kodachrome, the three before- 
mentioned layers are used, with the yellow filter layer (which 
disappears during processing) between the top two layers. 
In the original Kodachrome process, after exposure in the 
camera, the three layers were developed as a negative and 
bleached in the usual way, and were then immersed in & 
dye-coupling developer which deposited cyan dye in direct 
proportion to the silver densities being developed. The top 
two layers were then bleached, re-developed in a dye -coupling 
developer to produce magenta in the top two layers in pro- 
portion to the silver images, after which the top layer only was 
bleached, and rc-dcA-eloped in a developer which deposited 
yellow dye in the correct proportion. At this stage we had 
the three colours accompanied by a developed silver image. 
This was dissolved away, leaving only the three dye images. 

In practice this method was elaborate, requiring continuous 
machine processing, with carefully timed immersions in many 
baths. This was particularly necessary in the case of the 
bleaching. Later the process was considerably modified, the 
present method being to give the second exposure through 
the back of the film with red light, which affects only the red 
sensitive layer, which can then be dye-coupler developed to 
produce the necessary cyan image without affecting the other 
two layers, after which an exposure to blue light will affect 
the top layer, which in turn can then be colour- developed to 
produce the required yellow. White light can be used to 
expose the remaining middle layer, which is then treated in a 
magenta- forming dye coupling bath. The abolition of the 
carefully timed slow progressive bleach has considerably 
simplified processing and has made practicable the handling 
of various sizes of sheet film as well as continuous lengths. 
Kodachrome is available in three different types — one for 
daylight, one for tungsten (3200° K) and one for photoflood. 

Agfacolor. — By T937 the Agfa organisation had solved manv 
of their initial problems, and placed on the market Agfacolor 
Neu, in which Fischer's original idea of incorporating colour 
formers in the respective layers had been made practical, 
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means having been found to avoid wandering of the dyes. 
Such a. structure made the processing of the film a much less 
complicated matter, for once the three layers had been de- 
veloped as a negative, the lilm could be exposed to light, and 
immediately given a second development in a developer 
containing one of the reducing agents such as di-ethvlpara- 
phcnylenediamine, which reacts with the colour formers to 
produce the three necessary dyes simultaneously, each in its 
own layer. After this it was only necessary to bleach the 
blackened silver associated with both the non-colour-couplcd 
negative image and the colour-coupled positive image, when 
the plain fixing batb would dissolve away the bleached silver, 
leaving only the dye image. Agfacolor is made in both 
daylight and tungsten emulsions. 

A7iscocolor. — Patent rights in these German inventions were 
held in tile United States by the Agfa-Ansco Corporation, 
which in pre-war days was German-controlled, and in 104. 4, 
when the German interests had been eliminated after the 
outbreak of war between the U.S. and Germany, the Ansco 
organisation placed on the market a similar film under the 
name of Anscocolor, together with kits of chemicals for 
consumer processing. This film was made available not only 
in sub-standard cine sizes, but also in 35 mm., the popular 
No. 20 size roll lilm, as well as in sheet film up to 8 in. by 10 in. 
or more. Formulae for consumer processing of this film have 
also been published, utilising readily obtainable chemicals. 
The reducing agent used in the colour developer is Dicolamine, 
a proprietary product supplied only by the Ansco Corporation, 
but Percy W. Harris (Miniature Camera Magazine, January, 
1047) has shown that a concentrated solution of di-ethyl- 
paraphcnylenc diamine with sodium bisulphite, or 2 -amino, 
5-di-cthylaminotoluenc monohydrochloride with sodium bi- 
sulphite can be substituted for the Dicolamine. Anscocolor 
is supplied in both daylight and tungsten emulsions. 

Kodacolor. — In 1042 the Eastman Kodak Co. introduced 
Kodacolor, a negative-positive colour process designed for the 
production of colour prints on paper. This film, which lias 
had a considerable success in the United States, is sold in the 
popular roll film sizes, but not in 3.5 mm., for which Koda- 
chrome is available. In Kodacolor, the speed of which is 
comparable with that of the ordinary ot regular black-and- 
white roll film, processing is carried out by the manufacturers, 
the processed film being a colour negative, with light and 
shade reversed as in black and white negatives, and with the 
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colours of nature reproduced as their complemcntarics. 
Prints arc made by automatic machines (sec section on colour 
prints). 

Itktachroiur.—ln if). [6 Eastman Kodak Companv announced 
Ektachrome (in two emulsions), a subtractivc reversal trans- 
parency film of the well-known three-layer type; but, unlike 
Kodachrome, incorporating colour- formers in the emulsions, 
thus facilitating processing and enabling this material to be 
processed simply by the consumer. Whereas in Agfacolor 
and Ans co color the colour-forming chemicals are distributed 
throughout the emulsions and react directly with the reduced 
silver, in the case of Ektachrome the colour formers are dis- 
tributed throughout the emulsions in minute closed-in resinous 
granules, which are penetrable bv the bv-products of develop- 
ment, so enabling the dyes to be formed; these dyes, however, 
confine themselves to the interior of the granules. The 
processing of this film has to be carried out by the consumer, 
as the makers offer no processing service. Kits of chemicals 
in dry form arc provided, and processing consists of a first 
development, which produces a black negative image in all 
three layers, a hardening bath, exposure to light, colour 
development, bleaching, and fixing. The formulae for these 
chemie;ds have not been published. The film is available in 
the ^"0. 20 size, and in sheet film up to 8 in. by 10 in. 

E/dcicoloi: — In 1947. Eastman Kodak Company announced 
Ektacolor, which unlike Ektachrome, is designed to produce a 
colour negative for this subsequent production of positive 
colour prints. In this negative, not only are light and shade 
reversed (as in a normal black-and-white negative), but the 
colours themselves appear ascomplementaries, e.g., blue appears 
as minus blue, or yellow; green as minus green, or magenta; 
and red as minus red, or cyan. A particular feature of Ekta- 
color is that the imperfections of the dyes used arc to a large 
extent corrected by automatic masking produced during 
processing, which is carried out by the consumer, and not by 
the manufacturers. A further re'ferencc to this process will 
be found in the section devoted to colour prints. 

Flford Colour. — 1 1 ford Colour was announced by II ford 
Limited in 1947. This is a subtraetive colour transparency 
process on 35 mm. stock, processed by the manufacturers. 
At the time of going to press, few details have been published 
regarding it and supplies are not yet available to the public, 
although specimens have been shown from time to time. 

135 



Direct Prints in Colour 

Subtractivc Printing Processes without Separation 
Nega trims. 

The high degree of light absorption inherent in the additive 
processes makes it impracticable to print the three-colour 
reseau on a paper base and produce pictures in colour by 
reflection, but the subtractivc processes, on the other hand, 
give images transparent enough to make this possible. At 
first thought it might seem simple to coat a paper base with 
the three layers described under the heading of subtractivc 
transparency processes and to produce colour prints of good 
quality by projecting transparencies on to such a coating, 
and by reversal processing to obtain what is required. Un- 
fortunately, the chemicals used in processing are liable to 
affect the paper base, and although this difficulty has now 
been overcome (see Kodacolor), a simpler and more efficient 
method was introduced in 1 94 1 by the Eastman Kodak Co. 
under the title of " Minicolor Prints " (a title which has since 
been changed to ,r Kodachrome Prints "). 

Minicolor. —In this process a three-layer coating very similar 
to that used with Kodachrome is applied to an opaque white 
cellulose acetate base, the colour transparencies arc projected 
on this, and processing carried out by a method very simdar 
to that used for Kodachrome transparencies. At first intro- 
duced in only two standard sizes (3 -diameter and 5 -diameter 
enlargements from 35 mm. Kodachrome frames), the service 
has now been extended to larger sizes and to portions of the 
frames. The results so obtained are very pleasing, and appear 
to he done on a polished card similar in appearance to the 
material used for playing cards. 

Kotavachrome. — A very similar process with the name 
"Kotavachrome Prints" was simultaneously introduced for 
making prints from the larger cut film Kodachrome. In 
making these Kotavachrome prints a masking process is 
introduced, so as to improve the rendering. Kotavachrome 
prints arc now known as " Kodachrome Professional Prints." 

Printon. — -In 1945 the Ansco Corporation placed on the 
market Anseocolor Printon, a subtractivc colour-print process 
similar in principle to Minicolor, i.e., consisting of the three 
layers coated on opaque white cellulose acetate base, the 
emulsions used being very similar to those of the same 
company's Anseocolor transparencies. Processing of Printon 
is done by the consumer, with the aid of readily available kits 
of chemicals, the formulae for which have also been published. 
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Owing to the comparative simplicity of the processing of 
Printon, processing services are offered by a large, number of 
firms for the benefit of those who do not wish to do their own. 

Kodacolor. — As mentioned in the section on transparency 
processes, Kodacolor was introduced by the Eastman Kodak 
Co. in 1942 as a roll film which is processed by the makers to a 
colour negative. Front these colour negatives the makers 
produce colour prints on paper, using special emulsions of 
the tri-pack form, incorporating colour formers in their 
respective layers. These colour- formers arc contained in 
water-insolubie resinous granules, uniformly distributed 
through the emulsions. The by-products of development 
from the silver grains penetrate the resinous granules and form 
inside them the appropriate minus colours, thus avoiding the 
difficulties which are found if an attempt is made to coat the 
normal type of Kodachromc on a base. The finished prints, 
Which are pleasing to the eye, have not yet the same quality 
as that given by those processes using the white cellulose 
acetate bases. All Kodacolor prints are of the same width, 
as they are produced in automatic machines on a continuous 
band of paper 1^ in. wide, the length of the finished print 
being, of course, determined by the proportion of length to 
wjdtli of the negative. The processed film is returned by the 
makers to the customer through his dealer in the usual wallet, 
in one side of which are placed the colour negatives for 
subsequent use, and in the other the colour prints. 

Gasparcolor. A very interesting subtractivc print process, 
examples of which have been shown from time to time in the 
United States, but which so far has not been successfully 
commercialised, is known as Gasparcolor. This also uses opaque 
white cellulose acetate as a base, on which the customary 
three emulsions are coated. In this case, however, the 
emulsions arc not only sensitive to their respective colours, 
but have the complementary dyestuffs already incorporated 
in them. If the unexposed and unprocessed Gasparcolor 
sheet is brought into the light it appears black, owing to the 
superimposition of yellow, magenta, and cyan dyes in the 
three layers. White light falling on the surface of the Gaspar- 
color material has the blue component absorbed by the yellow- 
dye, the green by the magenta, and the red by the cyan, so 
that none of the white light is reflected back to the eye. If an 
unexposed sheet of Gasparcolor has a normal colour trans- 
parency projected on to it, the emulsions will effect the 
necessary selection, and the processing, instead of adding 
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colour, bleaches it out where required. Thus, blue light will 
affect, tht; yellow dyed layer, and the processing will remove 
the yellow dye from this layer where the blue light has acted. 
If now the finished print is brought into white light, only the 
green and red components will be absorbed by the magenta 
and cyan layers, the blue light being reflected back to the eye 
from the white base. In the same way other colours are 
produced by selective absorption and bleaching out of the 
minus colours from the appropriate layers. Casparcolor is 
much too slow to be used in a camera in the normal way, 
although prolonged exposures in a camera have produced 
very good results. Its field would appear to be, in the main, 
reproduction of colour prints by projection. 

FMacolor Prints. A big step forward in the simplification 
in the making of colour prints on paper was announced in 
1947 by the Eastman Kodak Co. in conjunction with Ektacolor, 
which, as explained on page 133 produces a colour negative. 
In the Eastman Kodak Wash- off Kelief system (now replaced 
by the Dye Relief system), separation negatives arc printed 
on silver bromide emulsions coated on a thin celluloid base, 
dyed up, and the dye transferred by imbibition to the paper. 
In the Ektacolor print process, the colour negative is printed 
successively on to three panchromatic emulsions on thin 
celluloid bases, the first being made through a red filter, the 
second through a green, and the third through a blue- violet. 
These are then processed and dyed up for transferring as 
before. By the use of a colour negative and panchromatic 
reliefs exposed through filters, the necessity for separation 
negatives is obviated. 

Exposure for Colour. 

Those photographers who do not wish to master the details 
for processing their colour transparencies can nowadays 
confine their activities to the exposing of the material only, 
since processing services by the manufacturers and others are 
available. Such services have led to a very considerable 
increase in the use of colour lilms by amateur photographers, 
and the only difficulty which nowadays they must still contend 
with is the estimation of the correct exposure. 

In monochrome photography there is a very wide range of 
exposures which can be given to any particular subject without 
impairing the quality of the resuft, and the more casual 
variety of " snapshot " photography owes much of its 
popularity to this latitude. 
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In colour photography, however, exposures must be judged 
very exactly indeed if a first-class result is to be obtained. 
It should also be borne in mind that the present reversal 
colour films arc only about one-third of the speed of the 
popular slow pan films, or one-twelfth of that of the superseded 
types. Although exposure guides in the form of tables are 
issued with each type of colour film, these will in general be 
found only of real value in straightforward subjects which 
can easily be classified. In those subjects which do not (all 
easily into the classifications listed a photo-electric exposure 
meter is invaluable as a guide to exposure, while the quality of 
the results obtained even from average subjects is higher when 
such a meter is used in preference to tables. Since, however, 
the efficiency of such items as camera shutters, meter sensitivity 
and lens transmission varies quite appreciably from instru- 
ment to instrument, the speed ratings for any particular 
brand of colour material given by its manufacturer, or b3 r the 
maker of the meter, should be taken as a first approximation 
only. The photographer should therefore calibrate his own 
equipment by a series of trial exposures, based m the first 
instance on the given speed rating. 

Colour transparencies must be viewed by transmitted 
light, and viewing devices wiiich enable this to be done without 
inconvenience are marketed in several forms for either daylight 
or artificial bght viewing. The ideal way to view transpar- 
encies is, however, by projection in a darkened room. Care 
must be taken not to overheat the slide, as the dyes used 
will fade on prolonged exposure to heat or bright light. 
Occasionally the overall colour of a transparency can be im- 
proved by after-treatment, depending upon the particular 
process; alternatively, the film can be bound up in contact 
with a sheet of lightly-tinted Cellophane of colour comple- 
mentary to the overall hue it is desired to subdue. Dufaycolor 
is best projected by means of a light corrected by a filter or 
otherwise so as to give an approximation to daylight colour 
temperature, but the subtractivc processes arc all made to give 
best results when projected by the aid of normal tungsten 
projection bulbs. 

Colour Prints on P.\piiti. 

Most colour printing processes require three negatives of 
the subject, exposed either simultaneously or in rapiil succession 
through the three primary colour filters. The practical 
difficulty of obtaining these negatives lias been one of the 
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greatest drawbacks to the subtractive processes of colour 
photography. 

Successive Exposures. The simplest way is to use an 
ordinary camera and expose three plates in succession, each 
through its appropriate filter. This method demands that 
even under ideal lighting conditions the subject remains still 
for at least 20 seconds. Nevertheless, the majority of separa- 
tion sets are made in this manner, which is, of course, the 
method used by the process engraver in preparing his screen 
negatives from flat copy colour originals. 

Repeating Bach on an Ordinary Camera. A repeating back 
is a dark -slide holding three panchromatic plates in front of 
each of which is a colour filter. The three exposures are 
made by moving the back over, by hand, between each 
exposure and the next, and the minimum time required for 
open-air work is approximately 7 seconds under midsummer 
conditions (Autotype Back), The back can also be arranged 
to bring each plate into position by gravity fall, being operated 
by an antinous release (Uvachrom Back). The total exposure 
in this case is less than with the hand -operated back, but not 
to an important extent. 

Automatic Repeating Bach (Vivcx). In this instrument, the 
three plates, loaded side by side in one dark -slide, each behind 
its appropriate filter, are brought into the exposure position 
by clockwork mechanism. The controls 3Te set to the desired 
exposure ratio and on pressure of the antinous release the 
three exposures follow each other in rapid succession, the 
overall exposure being of the order of i\ to 2 seconds, 

One-Exposure Cameras. In these, all three plates are 
exposed simultaneously, the light from the lens being divided 
up inside the camera by an arrangement of prisms or mirrors 
which divert appropriate fractions of the light on to the three 
plates. With such cameras, snapshots and flashlight instan- 
taneous exposures are possible. 

A properly made one-shot camera is an expensive instru- 
ment, and so far they have been of interest chiefly to 
professional photographers. The Bermpohl camera (Germany) , 
Barker Devin (U.S.A.) and Vivex camera (England) are 
typical commercial models. All make use of mirror reflectors 
rather than prisms, the reflectors consisting either of very 
thin optical!}' worked glass or pellicles in the form of collodion 
membranes. In order to ensure that each negative receives 
its appropriate fraction of the light entering the lens, the 
surface of the reflectors are partially metallised— usually with 
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aluminium deposited from the vapour of the metal produced 
by cathode discharge in a high vacuum. 

Separation Negatives. By whatever method the three 
exposures are made the object is to obtain three negatives of 
the subject whoso contrast is identical. These negatives are 
usually identified by including in the subject as a reference 
chart a grey scale and patches of yellow, red and blue colour. 
The appearance of the patches on each negative enables the 
colour in which the negative is to be printed to be identified, 
while the grey scale provides a means of comparing the 
contrast in each negative. It is obvious that panchromatic 
negative material must be used, but all types are not equally 
suitable, and each manufacturer usually makes definite 
recommendations as to which of his products arc suitable for 
the purpose. The niters required are listed as " tricolour 
filters." 

Generally speaking, it will be found that even when the 
correct filter factors (q.v.) are used, the blue filter record will 
be of lower contrast then the other two for equal times of 
development, and it is necessary, therefore, to give extra 
development to the blue plate to bring the contrasts into line. 

Subtractivc Printing Processes (using Separation Negatives). 

Three-Colour Carbon. The simplest tricolour printing 
process is tliree -colour carbon. The procedure is exactly 
as described under the carbon process (q.v.) except that special 
tricolour pigmented tissues must be used. These are supplied 
by the Autotype Company of Ealing. The prints are developed 
on temporary supports and transferred into register on to the 
final paper support, Dufay tissue, produced by Dufay- 
Chromex, Ltd., is coated on a transparent base. By printing 
through this the first transfer is avoided. Tliis carbon process 
is, however, only suitable for contact prints, and for amateur 
work has now been almost entirely superseded by Carbro (q.f.). 

Carbro. Materials for this process are supplied by the 
Autotype Company of Ealing, who also issue complete working 
instructions. 

The Wash-off Relief Process. The modern Wash-oft Relief 

process sponsored by the Eastman Kodak Company and now 
being replaced by the improved Eastman Kodak Dye Relief 
process, is a development of earlier imbibition processes which, 
although frequently described in detail in works on colour 
photography, arc no longer practised by serious workers. In 
its revised form (materials for which are issued by Kodak Ltd.) 
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the separation negatives arc enlarged on to a yellow- dyed silver 
bromide emulsion coated on a thin celluloid base. Exposures 
are made through this base, and the yellow d} T e confines light 
action to the regions in contact with the base. The exposed 
film is developed suitably and, without fixing, the developed 
image is then bleached. 

Alter bleaching, the film is treated with warm water, where- 
upon all the gelatine except that in the immediate neighbour- 
hood of the original silver image washes away, leaving a gelatine 
relief image on the surface of the celluloid. The throe relief 
images arc soaked in dye solutions obtained from Kodak Ltd., 
and then each in turn is briefly rinsed in verv dilute acetic add 
acid and squeegeed on to water- swollen gelatine coated paper, 
which has been previously hardened. 

The dyestufi transfers from the relief to the mordanted 
paper, where it is rendered insoluble, and the picture is complete 
when all three images have in turn been transferred into 
register on the support. The transfer talced several minutes 
to accomplish, and the sandwich is preferably placed in a 
copying press during the process. 

Chromatone. This process, which has not been revived 
since the 1939-1945 war, is typical of a large number which 
have been proposed wherein silver images of positive prints 
from the separation negatives arc chemically toned to the 
appropriate colour before being assembled in register. More- 
over, as with Wash-off Relief, the success of Chromatone 
was due to the fact that the sponsors marketed suitable 
material for carrying out a process which, in its principles, has 
been known for many years. The nature of the Chromatone 
toning baths has not been published, but the materials, inclu- 
ding the special collodion stripping paper on which the part 
images must be printed, were obtainable from the Defender 
Division of the Du Pont organisation of Rochester, New York. 

Duxochrome. Tins German process was used both on the 
Continent and to some extent in the United States up to 1939. 
As in the Eastman Wash-od Relief process, exposure in 
Duxochromc printing was made from negatives through a 
transparent support on to a silver bromide emulsion. This 
emulsion, however, already contained in the form of water- 
insoluble pigments one of the three subtract ive colours, and 
after development in a tanning developer the colour sheets 
were placed in warm water, when the 11 11 tanned gelatine washed 
away, leaving a relief image. The three reliefs were then 
transferred to a single support as in the Carbro process. 
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Vivrx. Vivex was a system of making colour prints on 
paper from separation negatives, and was used by the majority 
of professional colour photographers in England who offered 
colour prints on paper to their clients. The process resembled 
in outline the Carbro process, but working details of the 
Vivex system were not issued, as a part of its success lay in 
the fact' that all the operations were carried out in a spccially 
equipped factory in London. The company operating this 
system ceased it's activities in 1930 on the outbreak of war. 

Fuller details of all these processes will be found in Making 
Colour Prints,, by Jack Cootc {Focal Press). 

Colour Screens. See Filters ; also Safe Light. 

Colour Sensitising. See CoLOUK-ScMSinvii Emulsions. 

Colour- sensitive Emulsions. The early plates were 
almost completely insensitive to any but blue and violet light, 
and in consequence gave photographs in which coloured objects 
were quite wrongly reproduced. A yellow flower would be 
rendered practically black on the print, as would any object of 
a fairly pure red colour. Grass and leaves in a landscape were 
shown far too dark, and in portraiture the tiny bloodvessels 
under the skin, and any such minor blemishes as freckles, weTC 
grossly exaggerated, giving a most unflattering rendering of 
the sitter's skin texture. Blue objects, even if they appeared 
dark to the eve, were liable to print very light, as did the blue 
of the sky, which consequently merged with the clouds into a 
plain wliite area. 

The sensitivity to various colours of a non-colour-scnsitive 
emulsion is compared in Fig. 1 with that of the average human 
eye. The boundary between black and stippled portions 
shows the sensitivity of the eye to light of different wave- 
lengths, while the boundary between white and stippled 
portions shows the sensitivity of the emulsion. I-or a strictly 
correct representation in ttie photograph of the visual bright- 
ness of colours, the two curves should be parallel throughout 
their length. 

That non-colourscnsitive plates, used for everyday photo- 
graphy do not give results so far from the truth as to be 
unrecognizable is due to the fact that natural colours are 
seldom, if ever, pure. Even a bright yellow or deep red object 
reflects SMWi blue light, though it may be very little ; though 
such an object may be rendered far too dark, it is at least not 
shown as completely black. 
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The discovery that the addition of a dye to a photographic 
emulsion confers on it sensitivity to the portion of the spectrum 
absorbed by the dye was made in 1S73 by Vogel, and by 1884 
dry plates sensitised to green and named " orthochromatic " 
were commercially available. In these early plates, however, 
the green sensitivity was low compared with the sensitivity 
to blue, so that the latter still preponderated heavily, and there 
was no great advantage in using the new plates unless special 
means were used to check the effect of blue light. This was 
done by placing a deep yellow filter (see Filters) over the 
lens and lengthening the exposure — often by as much as forty- 
times. In this increased time the green light could have its 
due effect, and the blue light, greatly cut down by the filter, 
did not cause over-exposure. As the plates of that date were 
initially slow, exposures were thus made very long indeed, but 
satisfactory rendering of all colours up to green and ycllow- 
gTccn became possible. 

In later years extensive research has produced sensitising 
dyes far more eiiective than the early ones in conferring 
sensitivity to green and yellow green, so that the sensitivity 
to these colours of a modern orthochromatic plate is hardly 
short of its sensitivity to blue. Fig. 1 shows a sensitivity 
curve typical of the " ordinary " modern roll film [that sold 
at the lowest price) and of many orthochromatic plates, and 
comparison of this with Fig. 1 shows the very considerable 
improvement brought about by dyes sensitising as far as 
5500 A.U. With such emulsions a yellow filter of quite 
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moderate depth is sufficient to compensate for the remaining 
excess of sensitivity to blue, and the increase in exposure 
necessitated -by the filter is only of the order of five to eight 
times. 

Still further improvement is shown in the curve of Fig. 3, 
typical of the average " chrome " film (Verichroine, Selo- 
chrome, Sensichrome, Isochrom, Ultraclirome, etc.), and of 
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Some of the most recent orthocliromatic plates. Not only is 
the sensitivity to yellow -green increased, and that to blue 
decreased, but the dip in sensitivity at about 5200 A.U. shown 
in Fig. 2, and very much more marked in the early ortho- 
chromatic emulsions, has almost entirely disappeared. With 
these more highly orthocliromatic emulsions a still paler 
yellow filter, increasing exposure only some three or four times. 
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is fully adequate to give pleasing colour-rendering of all 
colours but red and to retain clouds in landscapes. 

As an orthocliromatic emulsion is insensitive to red, it will 
reproduce as black any object of a pure red colour, but to set 
against this it can be handled and worked in a darkroom 
illuminated by a pure red light (sec Safeligkt). Sensitivity 
to red, however, can quite readily be conferred by the use of 
suitable dyes, and a plate sensitised to red in addition rti green 
and yellow-green is called panchromatic, being sensitive to all 
visible colours. Panchromatic plates were introduced last 
century, but their use was almost entirely restricted to special 
purposes — photographing spectra, paintings, furniture etc. — 
until about T920, when their popularity began to grow rapidly. 
Panchromatic roll films were introduced before 1930, and by 
1 935 were widely used by amateurs of all grades of skill. As 
development is nowadays done in a tank in any case, the need 
for handling panchromatic material (unless desensitised) in 
complete darkness, or by an exceedingly dim green light, is no 
longer considered a disadvantage. 

Owing to the preponderance of red and yellow in artificial 
light, panchromatic material is much faster to such light than 
either orthocliromatic or non-colourscnsitive material of equal 
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daylight spued. The; fastest plates and films lire therefore 
almost all panchromatic, though many slower panchromatic 
emulsions arc also available. 

Compared with ort ho chromatic material, a panchromatic 
film or plate has a less excessive sensitivity to blue. This 
implies that for equal colour- correct ion a less dee ply -tin ted 
yellow filter is required, and less increase of exposure is 
needed even with the same filter. These two factors together 
mean that in all work involving the use of filters a panchro- 
matic film is in effect considerably faster than an ortho- 
cliromatic film of equal rated speed, and so requiring, without 
filter, the same exposure. 

At the time of writing two types of panchromatic emulsion 
are in common use. One, known as ortho-panchromatic " 
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or " recte-panchromatic," is so adjusted as to give, without a 
filter, the closest possible approach to a correct reproduction 
of colours in monochrome. The sensitivity to blue, however, 
still remains excessive in most cases, and a. yellow filter of 
moderate depth has to be used for the most truthfui results. 
This type of emulsion is in no case of the highest speed, and 
is generally found among the fine-grain films of moderate 
speed (up to about 28 0 Sch. in most cases). Fig. 4 gives a 
curve showing the sensitivity of an emulsion of this class 
to light of different wavelengths, and the extent to which it 
differs from the sensitivity of tile eye. 

fn Fig. 5 is shown a similar eurve for a pancliromatic emulsion 
highly sensitised to red. The curve is typical of the hyper- 
sensitive pancliromatic emulsions used for the very fastest 
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plates and films, and the liicjli red -sensitivity renders them 
very suitable for work in artificial light. Photographs taken 
in theatres, cabarets, and the like are almost invariably taken 
on an emulsion of this kind. The high proportion of red in 
artificial light makes the colour-rendering of these films, which 
even by daylight reproduce red too light, distinctly untruth- 
ful. For correct rendering, a yellow -green filter, absorbing 
red as well as blue, is needed for daylight work, while for 
artificial light (half-watt or photoflood) a blue-green filter is 
required. 

Sec also Filters, Safelight, and Desensitising. 

Colour-Sensltomcter. Abney's colour-sensitonieter in its 
simplest form consisted of a series, or row, of coloured glasses, 
and a stepped sector-disc which rotated rapidly in front of 
these glasses ; so controlling the light that the visual luminosity 
of each coloured pane, considered as a window, was equal. 
Photographed on a truly orthochromatic plate all the windows 
would make equal impressions on the emulsion. 

The modern method of estimating the colour-sensitivity of 
an emulsion is by means of a wedge spectrogram ((J.v.). By 
the addition of suitable filters the curve shown may be shaped 
to almost any form, true orthochromatism being achieved 
when the spectrogram of emulsion and filter together take the 
form of the curve of visual luminosity. The adjustment of 
filter to emulsion may be made by calculation from a knowledge 
of the sensitivity curve of the emulsion and the trans- 
mission-curve of the filter, or by direct measurement of the 
combination. 

Colour-Temperature. The composition of the light 
emitted by a glowing body (a lamp filament or a gas-mantle) 
depends on temperature, becoming .more bluish and less 
yellowish as the temperature is raised. A lamp is said to give 
light of colour- temperature 3,000° A (see Absolute Tem- 
perature) if its light matches in composition that of a theoreti- 
cally perfect radiator raised to that temperature. Colour- 
films are balanced to give correct colour-rendering when used 
with light of one particular colour-temperature ; for light of 
any other colour-temperature a correcting filter must be used. 
For example, Kodachrome Type A (for artificial light) is 
balanced for a 3>4°°° source, while daylight Kodachrome 
is balanced for 5,400° A. 
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The following table gives the colour-temperature of typical 
light-sources used in photography 



oo-w. n all- watt J amp 


* 


2,509° A. 
2,865° &• 


IOO-W 


♦ ■ - 


5°0-W. " i* " 


• • 


2,960° A. 


I.OOO-W. 

Standard photoflood 




1,990° A. 


* * * 


3,444° A. 

3,^00 A. 


Average flashbulb 


about 


Mean midday sunlight 


# * 


5,400° A. 
6,800° A. 


Overcast sky 


up to 


Hazy sky 


about 


S,ooo° A. 


Clear blue sky , 


from 


10,000° A. 




to 


25,000° A. 


Sunrise or sunset 


. as low as 


2,0OO° A. 



See also LTght. 



Coma, Spherical aberration of non-axial rays. (See Lens.) 

Combination Printing. Term applied to the production 
of a print from two or more negatives — e.g., a landscape from 
one, a figure from a second, and clouds from a third. 

An outline of the method employed when printing by 
enlargement is given under Enlarging (q.v.) ; the following 
notes refer chiefly to contact printing. 

Printing in Clouds. 

The clouds chosen must have been photographed under 
conditions of lighting similar to those by which the landscape 
was taken ; if clouds are lit from the left, and the landscape 
from the right, the falsity of the combined print will be 
self-evident. 

First, the sky portion of the landscape negative, if it does 
not print white, must be rendered opaque by blocking out 
(q.v.). When the landscape has been sufficiently exposed, the 
negative is removed and replaced by the cloud negative, so 
that the required cloud -form comes over the blank. sky. This 
is easy where a printing out paper, showing a visible image, 
is in use ; with gaslight or bromide paper pencd dots at the 
edge of the print must be used as a guide to the position of 
the skyline. 

The necessary exposure for the cloud portion is now given, 
the landscape part of the print being shielded from further 
light. Where the skyline is level, or has a simple outline, a 
mask cut out of brown paper can be pinned on the outside of 
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the frame to cover the landscape. The junction between 
sky and land will be unnoticeable provided that the light used 
for printing is sufficiently diffused to prevent the edge of the 
mask from casting a sharply-defined shadow. 

When printing on a development paper of any type, the 
exposures required for the two negatives must be independently 
determined in advance by means of test-strips. 

For. a full treatment of the subject, refer to Photographic 
Skies, ; by David Charles. 

Combining Lenses. See Supplementary Lenses and 
Lens Formulae. 

Composite Portraiture. The late Sir Francis Galton, by 
throwing faint images of a succession of accurately-adjusted 
prints (or negatives) on the same part of an ordinary sensitised 
plate, obtained resultant images which give a pictorial average 
of all the constituents. Racial characteristics are brought 
out in a remarkable way in the composite photograph. 

Composition. A term denoting the grouping of the materials 
of a picture so as to form a pleasing and harmonious whole. 
While the photographer does not possess the wide powers of 
composition available to the artist working with brush or 
pencil, he can in some cases at least adjust the relative positions 
of the objects portrayed so as to make a whole that ' ' composes 
well." In other cases the photographer must compose largely 
by selection, but variations of lighting and of view-point place 
in his hands a wider power than manv amateurs realise. 
(See Pictorial Composition.) 

Concave, Concavo- Concave, Concavo- Convex Lens. 
See Lens. 

Concentrated Acid. An acid in a form in which it is 
practically devoid of added water (cone, sulphuric or nitric 
acids), or in which the amount of added water is a minimum. 
Concentrated hydrochloric acid, which is a saturated solution 
of the gas HC1 in water, is covered by the latter definition. 

Concentrated Developer. For formulae for concentrated 
developers, see paragraphs on Chlorquinol, Glycin, Metol- 
hydroquinone, and especially Paraminophenol, in article on 
Development. 

Concentrated Solution. Properly a solution in which the 
proportion of the dissolved substance is high. Sometimes 
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rather mislendingly used when " saturated solution " (q.v.) 
is meant. (See Solutions and Soluuilities,) 

Condenser. A large lens, usually imperfectly corrected, 
used to collect or concentrate light upon a limited area. 
Photographically, the chief use of a condenser is in an enlarge r 
or projector. (See Enlarging for details of its use in this 
connection.) 

A condenser may consist of a single thick lens, but danger 
from cracking as a result of heat from the illummant makes it 
preferable, in most cases, to use two thinner lenses. The 
commonest form consists of two plano-convex lenses arranged 
as at A, which shows the type of condenser most often used 
in cnlargers. For miniature enlargcrs, however, a single- 
lens condenser does not need to be so thick as to involve 
danger of cracking, and so is often preferred. 

The Hcrschcl condenser shown at C, in which the meniscus 
lens is placed next the light and the double convex lens next 
the negative or slide, is also sometimes encountered, 
particularly in projectors. The intermediate form B, using 
a meniscus next the light and a plano-convex lens next the 
slide, is occasionally used for projection with long-focus lenses. 

The triple condenser D, consisting of a normal condenser as 
at A with the meniscus lens of a Herschel condenser added on 
the side next the lamp, is often met in small projectors, and 
has the advantage that it allows the lamp to be brought up 
closer to the condenser, so increasing the volume of light 
collected and giving a brighter image on the screen. 

In an enlarger a diffused light-souTce is almost always used, 
so that the optical excellence of the condenser is of no im- 
portance. In projectors, however, it is essential that the image 
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operations of adjusting size of image, focusing, changing 
negatives, and all the other smalt adjustments incidental to 
practical enlarging are rendered much easier by the ready 
accessibility of all parts of a vertical enlargcr. 

Electric light, usually in the form of an opal (not pearl) 
bulb, is almost universally used, a well-vent dated metal 
lamp-house serving to enclose all light. The negative, in 
some form of carrier providing for easy intcrcbangeability of 
negatives, lies below the lamp. Even illumination is provided 
in the more inexpensive enlargers by means of di flu sing screens 
of ground or opal glass between lamp and negative, hut 
although the results obtained in this way can be completely 
satisfactory, so much light is wasted that exposures tend to 
be long. More expensive enlargers therefore employ a 
condenser, which is a lens or system of lenses so designed as 
to direct all light falling upon it through the negative and on 
towards the lens. By this means the illumination of the 
negative is made brilliant as well as even. 



Below the negative is placed t lie lens, the function of winch 
is to project a sharp image on to the paper on the base of the 
enlarger. In all modern instruments a highly-corrected 
anastigmat lens is used ; often arrangements are made to use 
the camera lens for this purpose. A focusing movement of 
some kind is a necessary part of the enlarger, for even if the 
lens used is in a focusing mount, the range of movement is 
not sufficient for enlarging. 

Using the Enlarger. To make an enlargement, the negative 
is placed in the carrier and the projector-head raised or 
lowered till the projected image is of about the right size on 
the baseboard. It is then accurately focused. The action 
of focusing alters the size of the image somewhat, and it may 
be necessary to re-adjust the height of the head and re-focus. 
When the image is both sharp and of the right size, the light 
in the enlarger is switched off, and a piece of bromide paper 
is laid on the baseboard in the correct place to receive the 
image. The positioning of the paper may be controlled by 
using a masking frame {q.v.), by having on the baseboard a. 
card marked out with rectangles of the standard sizes of 
bromide paper, or by other means. Alternatively, the light 
in the enlarger may be left on and a cap of orange glass put 
over the lens. This allows the projected image still to be 
seen, while cutting out all light to which the paper is sensitive ; 
the image itself then serves as a guide when placing the paper. 
The cap, if used, is next removed, and the paper is exposed 
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by switch ing on the light for the correct time. The paper is 
then removed and developed like any other bromide print. 
(Sec Bromide Paper.) As in bromide printing, exposures are 
best determined by preliminary experiment with a small 
test-strip. 

Automatic Focusing, Some more elaborate vertical 
enlargers are equipped with a mechanical linkage which moves 
the lens towards or away from the negative as the projector 
head is raised or lowered, thus keeping the image permanently 
in focus on the baseboard. To change the size of picture, ail 
that is necessary is to raise or lower the head. The advantage 
conferred by tbis in speed and convenience is considerable, 
but the presence or absence of this movement is without 
iniluence on the final result. 

When adding a masking frame to an enlarger of this type, 
or dispensing with a frame for which the automatic focusing 
is adjusted, it is useful to know whether the decreased or 
increased distance between paper and lens will allect definition 
perceptibly. To determine this, multiply together the 
thickness of the masking frame and the focal length of the lens, 
and independently multiply the distance of the lens from the 
paper and the /-number of the stop to be used. Inches are 
to be used as the unit throughout. If the latter product is 
more than 100 times the former one, the loss in definition can 
be tolerated ; if it is more than jaa times us great, the loss in 
definition will be quite undetectable. 

The diameter of the circle of confusion is given by the 
formula c = fd nD. The meanings of the symbols are 
evident from the above. 

High Magnification, When it is required to make an 
unusually large print, or a print of normal size from a portion 
of the negative, it may be found that even with the projector 
head at the top of the upright the projected image is not 
large enough. Practically every manually-focused enlarger 
is so constructed that the projector- 1 lead can be turned round 
on the upright, when the projected image is no longer thrown 
on to the baseboard, but past it. The image is then received on 
a temporary support — e.g. a stool or chair — placed at a 
lower level than the baseboard. The arrangement is admittedly 
inconvenient, but serves well enough for occasional use. 
Attention is drawn to the fact that some enlargers equipped 
with automatic focusing cannot be used in this way, but are 
limited in magnificat ion to that obtainable with the projector- 
head at the top of the upright. 



Enlarging 

The maximum magnification that can be obtained with the 
projec tor-head at the top of the column can be quickly 
estimated by measuring the distance from lens to baseboard. 
Divide this distance by the focal length of the lens, and 
subtract on a from the answer. The result is the magnification , 
obtained. (See Magnification,) 

Horizontal Enlargers. 
With one or two exceptions, vertical enlargers for amateurs 
arc only made for use with electric light. Where this is not 
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available, it is in almost all cases necessary to use a horizontal 
enlarger, most models of which have a lamp-house roomy 
and well- ventilated enough to take illuminants such as in- 
candescent gas, a spirit- vapour lamp, or acetylene. 

In order that adequate ventilation may be ensured, the 
lamp-house of a horizontal enlarger generally has a large 
light-trapped cowl, and the back is often left open except for 
a black curtain. In front of the lamp-house, and joined to 
it by light-tight telescopic tubes or bellows, are the condenser 
and negative -carrier, mounted as one unit. The lens-panel 
comes in front of this again, with a rack -and -pinion focusing 
to vary the ncgative-to-lens distance. Bellows are used here 
again to keep in stray light. 

One of the advantages of the horizontal enlarger is the 
opportunity it affords for the use of highly-concentrated light- 
sources such as the electric arc, a projection lamp, or a 
" Pointolite " enclosed tungsten arc. A powerful light such 
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as this, sent through negative and projecting lens in a directed 
bean: from a condenser, makes it possible to use slow paper, 
even when enlarging from a dense negative, without exposure 
being unduly prolonged. 

Various types of easel have been devised for use in con- , 
junction with a horizontal enlarger ; all consist of a vertical 
board to which the paper is pinned, this being fitted with a 
heavy base to enable it to stand upright. In all but the cheapest 
models the easel folds backwards to allow the paper to be 
attached after focusing without risk of moving the base. 

If it is preferred not 
to deface the surface 
of the easel and the 
corners of the prints 
with pin-marks, the 
paper may be attached 
with surgical tape in 
the manner suggested 
in Fig. 3. See also 
Jklly for Enlarg- 
ing Easel. 

fic. 3. Slewing the iiEc ot 
ttttVtral (ape Ka attach the 
brou lit] u pajier 10 tile rase I. 
Tilt? IJAptT is reatlliv peticd uO 
alter esrw*ure, aid Hie tape 
may be nmveil 10 any part of 
til if caiul an rErL]lLir'/u. 

The Optical System of an Enlarger. 

The optical system of a horizontal enlarger is shown in the 
diagram of Fig. 4, from which it will be at once seen that 
the duty of the condenser is to direct all light falling on it 
through the lens. In effect, this means that it forms at the 
lens an image of the light-source. If this image is formed 
elsewhere, light will be lost and the illumination will he uneven. 
Since the lens-to-ncgative distance has to be changed each 
time the enlarger is re-focused for a different magnification, 
the position of the light-source has each time to be readjusted 
so as to bring its image back on to the lens again. 

In passing, an interesting type of design in which lamp- 
adjustment can be altogether avoided is worth noting. If 
the condenser is larger than the negative, lamp and lens can 
be left fixed at a position giving even illumination, focusing 
for different magnifications being carried out by moving the 
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negative to and fro along the beam of light converging on the 
lens. 

In the case of an enlarger of the ordinary design, it is evident 
that the adjustment of the whole system depends on the 
magnification [q.v.) in use. The ratio of the length of 
the projected image to that of the corresponding image on 
the negative is the same as the ratio of the distances Z and X. 




PIO.-i 



The exact values of these distances, which are called conjugate 
foci (9 .11.) depend on the focal length of the lens in use. For a 
magnification of fit diameters using a lens of focal length / they 
are :— 

(hi 4- i) 

X m J - 
Z p, £i»+ 1)/. 

The figures obtained for X and Z will be in the same units 
(inches, centimetres, or millimetres) that were used to express 
the focal length of the lens. 

Values of X// and Z// are given for a number of different 
magnifications in the tabic on the next page ; by multiplying 
the figures given for the magnification desired by the focal 
length of the lens in use, the distances X and Z can be found 
for any practical case. Ready-made figures for certain fixed 
values' of magnification are given in the smaller table for 
lenses of the six most commonly-used focal lengths. 

With the distance X determined, it at once becomes possible 
to work out the distance from the condenser at which the 
light must be placed to ensure that the whole of the light 
passes through the lens. 

The distance from the node {,/.-<■.) of the. omdenser to the lens 
is the sum of X and the c list ante of the negative from the node 
of the condenser. Calling the sum of these two distances D, 
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TABLE OF CONJUGATE FOCI. 
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Enlarging : Optical Principles 

then if the focal length of the condenser is F, the distance of 
the light source from the other node of the condenser will have 

, DF 

to be _ _ 

D — F. 

Example. We are enlarging a quarter-plate negative to 
whole-plate, using a lens of focal length 5 J ins. The focal 
length of the condenser is 5 ins., and the negative is 3 ins. 
from one node. What arc the distances X and Z. ami how 
far should the light be from the condenser ? 

Enlarging 4 J x 3^ to 8^ x 61 is two diameters. Under 
tn = 2, we find Z//=3-o and X// = 1-5. The lens-paper distance 
Z will therefore be 3 x 5A = i6i ins. and the lens-negative 
distance X will be I'j x = ins. The distance D 
from lens to condenser will be 3 ins. more than X, or rrj ins. 
From the last formula, the lamp -con denser distance will have 

to be "I X 5 = 5 || - 9 ins. from the other node. 

These two fundamental formulce are useful when the focal 
length of lens and condenser are known, but are not very 
readily applicable, as they stand, to the design of the optical 
system of an enlarger. Although design formula; of various 
kinds can be calculated, their precise form depends on the 
conditions that have to be fulfilled. 

The choice of the lens is a simple matter ; all that is needed 
is that it should be capable of covering the negative to be 
enlarged from. It should of course, be an anastigmat, and its 
focal length may conveniently be about equal to the diagonal 
of the negative. The lens from the camera, if detachable, 
will in all cases be found perfectly suitable. 

It is now universally considered desirable that the lens used 
in an enlarger should be treated to prevent internal rellections. 
(See Coated Lenses.) The effect of this is to reduce the 
amount of stray light scattered into the darker parts of the 
projected image, thus giving a print of improved quality and 
tonal gradations in the highlights. The extent of the improve- 
ment brought about by using a coated lens depends a good 
deal on the character of the negative ; if this is soft and has 
much the same density m all parts an open landscape 

subject) the improvement is small. But with a negative 
having both some fairly dense areas and some areas of nearly 
complete transparency [e.g., a portrait taken against a black 
background) the improvement is usually very marked indeed. 
To obtain the full benefit of the elimination of lens-rellcctions, 
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other possible sources of scattered light should also be elimin- 
ated. Special attention should be paid to the prevention of 
reflections from the sides of the focusing tube, bellows, etc., 
that tie between lens and negative. 

It is usually convenient to have the light as far away from 
the condenser on one side as the lens is on the other, so that 
the condenser is at the centre of the optical system. With the 
usual type of condenser, this arrangement has the further 
advantage that aberrations in the condenser are then at a 
minimum. The lens -negative distances for the largest and 
smallest magnifications likely to be required can be found as 
above ; if the mean of these is taken and the proposed con- 
denser-to-negative distance is added, half the result gives a 
convenient focal length for the condenser. With the lens in its 
mean position, the light will then have to be at a distance from 
the condenser equal to twice its focal length. If the light is 
sufficiently diffused, it may not need to be moved for various 
magnifications, in which case the position just mentioned wOl 
be the most favourable to even illumination at different 
magnifications ; with an undiffnsed or slightly diffused source 
of light some movement either way must be allowed for. 
Once the focal length of the condenser is settled, the formula 
above will enable the required range of movement to be found. 

By choosing a condenser of rather shorter focal length 
than that found by the above means, the light-efficiency will 
l>e increased, resulting in shorter exposures, and the range of 
movement required for the light will be decreased. Greater 
accuracy in positioning the light will, however, be required, 
and the lamp will have to be brought a good deal nearer the 
condenser, as application of the formula above wdl show. 
Care must be taken not to bring it too near, or there may be 
danger of cracking the condenser-lenses. It must throughout 
be remembered that calculated lamp-condenser or negative- 
condenser distances are not to be measured from the surface 
ui the condenser, but from its nodes. In most cases a close 
enough approximation to this is had by regarding the distances 
worked out as to be measured from the centre-line of the 
condenser — i.e. from half-way through its thickness. 

The ability to work out these distances in the way shown 
is essential in any case where an attempt is made to design 
an cnlarger and assemble it from bought parts, but in practice 
the final adjustments are always made by trial and error. After 
the image has been focused to the required size, the negative is 
withdrawn from the carrier and the bght moved until the 
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disc of light on tlie easel is of even brightness. A disc brighter 
at the top than at the bottom means that the light is too low ; 
in general, the light requires to be moved up and down, or 
from side to side, towards the more brilliantly illuminated 
side of the projected disc. 

By this means the light is manoeuvred on to the axis of the 
optical system, but still the illumination will only be even if 
the condenser-lamp distance is correct. If the disc is brighter 
at the centre than at the edges, the lamp is too far from the 
condenser ; if it is darker at the centre, it is too near. When 
the adjustment of the lamp is finally correct, the negative 
may be returned to the carrier and the enlargement made. 

Unless the very maximum of light is wanted, it is usual to 
dispense with the need for all this adjustment by diffusing 
the light to some extent. This blurs, and so enlarges, the 
image of the light-source thrown by the condenser to an 
extent sufficient to make it possible to cover, by a single 
adjustment of the light, the range of magnifications usually 
needed in practice. Diffusion may be introduced either by 
placing one or more sheets of ground glass in the position 
indicated in Fig. 4, or by replacing the point source of light 
by one of large dimensions such as an opal bulb. It is by 
adopting this latter illuminant that the vertical enlargcr 
described above is enabled to dispense with any need for 
adjusting the position of the light. 

Condenser versus Diffuser. 
As the light in a condenser cnlarger is directed towards 
the lens, any light scattered out of its original path in passing 
through a particular point of the negative will fail to reach the 
image. This loss of light is additional to any loss due to absorp- 
tion of light by the negative at the point considered. In an 
cnlarger using diffused light, absorption by the negative is 
the only factor concerned ; the projected image is therefore less 
contrasty. An enlargement made with diffused light has the 
same contrast as a direct contact print on the same grade of 
paper. 

The increase of contrast due to scattering when enlarging 
by directed light is called the Callier effect, after the first 
investigator of the phenomenon. It is quite large in some 
cases ; recorded measurements on one particular negative 
gave a contrast -range (ratio of extreme opacities) of 32 to 1 
by diffused light, rising to 370 to 1 by the directed light of a 
condenser enlaxger with a point source and no diffusion. It is 
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quite usual to And that the use of directed light doubles the 
contrast range ; the increase will obviously depend largely 
on the character and density of the silver deposit in the 
negative, as well as upon the amount of diffusion, intentional 
or otherwise, in the lighting System. 

When using fully directed light any scratch or surface- 
marldng on the negative, including the pencil-marks of re- 
touching and the limits of the area covered with retouching 
medium, show up very clearly indeed on account of the light 
that all such surface irregularities must scatter ; graininess is 
enhanced for the same reason. It is to avoid the emphasizing 
of these accidental defects that fully directed light is now 
practicallv never used. 

It is often asserted that a condenser enlarger gives sharper 
definition than one using a difluscr ; this is not the case, as the 
sole function of either is to illuminate the negative evenly and 
brightly. The sharpness of the enlarged print depends entirely 
on the lens and its adjustment. It is the increased contrast 
given by the condenser enlarger that is often mistaken for 
increased sharpness. 

Diffusing Systems. 

A small negative can be illuminated sufficiently evenly 
simply by placing close behind it an opal bulb of large size. 
For larger negatives a difluser, consisting of a sheet of opal 
glass, is usually interposed between lamp and negative It 
should be noted that the difTuser must be of larger size than 
the negative in order that it may be "seen" behind the 
margins of the negative from the point of view ol the lens. 
(Compare Fig. 4, where the condenser is shown as rather 
larger than the negative for the same reason.) 

Generally it is necessary to use several lamps to ensure 
even illumination of the diffuser ; similar results, however, may 
be obtained by means of a single lamp and a series of mirror 
reflectors suitably disposed. Extra diffusion may also be had 
by using two opal glasses, spaced apart by about an inch, 
in place of one. 

Often there is an excess of light in the centre of the pro- 
jected image, at a point corresponding to the direct line joining 
lens and lam]). To darken this patch to the level of the rest 
of the field, the tip of the lamp may be obscured. If two 
diiiusers are used, that nearest the lamp may have discs of a 
semi-transparent material such as tracing paper cemented to 
it. A single disc may suffice, or a small pde of discs of graduated 
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diameters, the largest being applied first and tile smallest last, 
may be found more effective. Or ground-glass may be used for 
the first diffuser, this being varnished round the edges to 
increase its transparency, and darkened with pencil at the 
centre. 

Mercury-Vapour Lamps. The mercury- vapour lamp, which 
consists of a glass tube through which passes an arc lietween 
mercury electrodes, is widely used in trade houses and pro- 
fessional dark-rooms. The tube is generally bent into the 
form of a " W," thus presenting so large a radiating surface 
that but little diffusion is needed to get even illumination. 
It is particularly suitable for use with comparatively large 
negatives, and has the advantage that as it consumes little 
current it gives but little heat. But with some c h to ro bromide, 
papers, including such papers as PlasLiha ami Idultigrade, the 
mercury- vapour lamp may be found to give very flat prints. 

Constructional Details and Accessories. 

Viewed from the position of the lens, the condenser in a 
correctly-adjusted enlarger appears brilliantly hi mi no us over 
its whole surface. It acts, in effect, as a large light-source 
immediately behind the negative, from which it is evident 
that it must have a diameter not less than the diagonal of the 
negative. In practice a slightly greater diameter is desirable, 
because the negative is placed in the beam of light at a point 
where it is converging towards the lens. 

To combine the necessary short focal length with the large 
diameter required, a condenser is generally ma do up of two 
plano-convex lenses, mounted in a cell with their curved 
surfaces inwards and practically in contact. Such a com- 
bination is sometimes called a " double condenser." (See 
Condenser.) 

With a horizontal enlarger a support for the paper is 
required. Though the wall may be used, this involves moving 
the enlarger bodily when the degree of magnification is 
changed, and it is therefore more convenient to provide an 
easel for the paper. This consists simply of a vertical board, 
framed to prevent warping, and mounted on a suitable foot 
or base. In a permanent installation, the easel may be 
mounted so as to slide along a horizontal bed to which the 
enlarger is also attache! 1, thus ensuring that the paper is always 
at right angles to the axis of the lens. 

With a horizontal enlarger the degree of enlargement 
obtainable is limited only by the size of the room used, or by 
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the length of the bed along which the easel runs. Where 
large prints are iikcly to be wanted frequently from a vertical 
en larger the upright may be detached from the base ami 
attached by brackets to the wall. A movable shelf, sliding 
on to a series of supports spaced apart by a distance a little 
less than the range of movement of the head on the upright, 
may be fitted below it to take the paper. Such an erection 
allows the full distance from top of upright to floor, or any 
desired part of this distance, to be used without the need fur 
any make-shift supports. The accompanying sketch (Fig. 5) 




«t. 6. A drawer built bclmc the barxlmani of a vertical BikrKCT II pirticularlj- con- 
venient for uterine papers in ntmall or makeshift dark-room. fSce also Dakc-eodm). 



will make clearer the Itind of construction envisaged. The 
suggestion of Fig. 6 is also well worth noting. 

Focusing the projected image is sometimes difficult, 
especially when the negative is dense or the magnification 
considerable. A simple magnifier is usually not very helpful 
as if powerful enough to he of value it, and the user's head, 
come between lens and image, so cutting off the light. A 
focusing negative (dense black with a pattern of clear lines, 
fogged film or plate with scratches cut through emulsion) is 
serviceable as providing something clear, bright, and definite 
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to ft )cns on : but with an insufficiently accurately made en- 
larger these ii):iy he little guarantee that tlic negative to be 
enlarged, when sulistituterl fur the focusing negative, will 
occupy tiie same plane with sufficient precision. This point 
should he most carefully checked before deciding to rely on a 
focusing negative, 

A reflex focusing magnifier is in most cases preferable. Tt 
consists of a mirror, placed at an angle, that reflects light 
from the lens on to a ground glass screen which is viewed 
through a magnifier. The design must be such that the 
distance from lens to screen, via the mirror, is equal to that 
from lens to the baseboard on which the device stands. To be 
serviceable, the focusing screen must be of very finely ground 
glass. The chief virtue of these reflex focus'ers is that the 
visual brilliance of the projected image is greatly enhanced. 

As the lens and focusing movement of an enlarger are 
practically identical with those of a camera, any camera with 
rack-and- pinion focusing can be converted into an enlarger 
by lifting a lamp-house to it. The modern self-erecting 
camera with fixed extension is less easily adapted, as the 
focusing has too little range of movement. Experiment 
with the open camera will soon show the possibilities of any 
individual instrument, but the adaptation is in most cases 
best made by arranging a series of grooves or runners to provide 
alternative positions for the negative carrier. The grooves 
sbotltd be spaced apart at a distance a little less than the 
available focusing movement of the lens, 

Fixed-Focus and Daylight Evlargers. 

Fixed- Focus Enlargcrs. A fixed-focus enlarger gencrally 
consists of a box with a dark -slide for the bromide paper at 
one end and a negative carrier at the other. A lens is fixed 
between the two on a septum so placed as to give sharp focus 
(see table of conjugate foci on p. 252). Most such enlargens are 
intended for use with daylight, and so have no lamp-house. 
Owing to the brilliance of daylight, a cheap single lens, well 
storied down (about fjrz to //3a), is fast enough to give 
reasonably short exposures, and at such a small stop gives very 
acceptable definition. These simple enlargers are quite cheap. 

Enlarging by Daylight, If a room is darkened by means of 
a shutter blocking up the window, a hole to take the back of 
a camera may be made in the shutter. With a window facing 
north, and a camera with adequate focusing movement, 
perfectly satisfactory enlargements can be made at all times 
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of day. Even illumination can be secured hy using sky light 
reflected from a white card placed outside the window at an 
angle of 45°. Owing to its variability, day lis lit is n °t a very 
satisfactory illuminant. With the arrangement described, or 
with a fixed-focus enlarger used by daylight, it is desirable to 
use an actinometcr (see Exposure MEtERS) to control ex- 
posures. 

Determining Exposures when E7i!arging. 

Various methods of determining exposure in enlarging have 
been suggested, but most depend on estimating, by photo- 
cell meter or otherwise, the total amount of light passing the 
cnlarger lens. Such methods Kin never be more than a 
rough guide, as they ignore the proportion of light to shade 
on the negative. Sulhcieut accuracy is only obtainable by 
making independent measurements of the brightness of high- 
light and shadow in the projected image. Several photo- 
meters, of grease-spot type, have been designed for this work, 
the brightness of the image being compared with that of an 
auxiliary lamp controlled by resistance or (better) by distance 
from the grease-spot. These measurements, used in con- 
junction with previous determinations of the exposure neces- 
sary to give (a) lightest perceptible grey and (i>) a practically 
full black on the paper to be used, enable exact choice of 
paper-contrast to be made and accurate exposure to be given. 
For further details, see Projection Printing hy Haynes, and 
Perfect ' Print Control, by Dutton, and two articles Accurate 
Exposures for Enlargements by Rooke (.4 .P. J uly 3 and t o, 1940) . 

Shading and Double Printing. 

A straight enlargement made from a negative without 
modification may be good, but in a very large number of cases 
improvements can be made by giving one or other part of the 
picture more or less exposure than the rest. Even without a 
fdter, clouds, if any were present when the photograph was 
taken, are generally recorded on the negative, but in a majority 
of cases the sky as a wdiole prints too light for them to have 
their full effect. 

A possible remedy for this is the use of a soft paper, but 
this usually flattens contrasts to an undesirable extent. It 
is almost always preferable to use the grade of paper suited 
to the subject as a whole, and to bring up the sky by extra 
printing. Separate test -strips, one for the landscape and one 
for the sky, will show what exposure each needs. That for 
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the sky is usually rather less than double the exposure needed 
for the landscape. 

The print is then pi veil the shorter of the two exposures, 
after which the landscape is protected, by a piece of paper or 
card held between lens and sensitive paper, until the exposure 
for the sky is completed. If the skyline is simple, the straight 
edge of the paper will suffice as a mask. Held above the 
print, its shadow will be blurred so that no sharp line of 
demarcation between shaded and unshaded area will show. 
Diffusion of the edge can be further enhanced by moving it 
about a little during exposure. 

For a more elaborate outline, if it cannot be matched nearly 
enough by simpler means, a mask may be cut. Support a 
piece of black or brown paper about 5 bis. above the base- 
board, and mark the skyline out on it in pencil. The image 
will be blurred, of course, but not so much so as to make it 
difficult to follow the outline. The mask is cut out, and though 
smaller than the image, its shadow will be a good fit on it if 
held at the height at which it was made. 

Small areas can be darkened by cutting out from a piece of 
white paper a hole of the same shape as the area to be darkened, 
but smaUer. The blurred image on the white paper mask 
serves as a guide when giving the extra exposure. If it is 
desired to decrease rather than accentuate the contrast in 
the highlights, it is often better to remove the negative from 
the carrier before giving this extra local exposure. 

Lightening small areas can be done by means of a piece of 
card, or a tuft of cotton wool, impaled on a wire. If the 
latter is moved during the exposure its shadow will not show. 

Clouds can be printed in, and other simple combination 
printing carried out, by similar means. The mask is cut as 
before, but both parts are kept. First the mask that covers 
the sky is used, fixing it in place some 5 ins. above the print 
and exposing through the landscape negative. Next the 
other half of the mask is brought up to the first, fitted to it, 
and pinned in place, after which the first half of the mask is 
taken away and the exposure for the clouds is made. 

These notes are but suggestions ; the variations and 
developments possible are endless. 

Simultaneous Exposure and Development, 
A method of developing bromide paper during the exposure 
so that exposure actually depends upon the completion of 
development, has been suggested by F. J. Mortimer. 
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The image is first focused on the easel as usual, but in this 
case the surface of the board is covered with white American 
cloth or white opal. The yellow glass cap is placed on the 
lens, and the bromide paper is soaked in developer for z minutes 
and then applied in the correct position to the enlarging 
easel. It will stick to the surface without further attention. 
The lens is then uncapped, and the exposure and development 
will proceed automatically together. If the negative is dense, 
or the exposure otherwise prolonged, fresh developer can be 
gently brushed on to the wet surface of the print from time 
to time with a camel-hair mop. 

The progress of development is observed by covering the 
lens for a second or two with a piece of ground glass (ground 
yellow glass is best). When development is complete the 
print is simply stripped off and placed in the fixing b3th. 

It is to be noted that in this process the shadows, developing 
up comparatively early during the exposure, act as a kind of 
mask to check further exposure in the shadow areas. The 
gradation of a print exposed and developed together is there- 
fore not the same as that of a print normally made. The 
extent to which the gradation is altered evidently depends on 
the relative rates of the two processes, and will therefore be 
controlled by temperature, the composition of the developer, 
the brilliance of the light in the enlargcr, the stop used, and 
the degree of enlargement. 

Much fuller control over the gradation of the print can be 
had by giving part of the total exposure required, developing 
to finality, completing the exposure, and developing again. 
This can be done by the method described, provided that the 
duration of the first part of the exposure is shorter than the time 
of appearance of the image. If this is not the case the 
paper may be exposed wet with water, sponged over with 
developer after the first exposure, and then, when development 
is complete, exposed further. To ensure registration it must 
of course remain on the easel or baseboard throughout. With 
a vertical enlargcr the paper may be laid in a dish. 

If the paper in use shows a. tendency to fog or stain as a 
result of the prolonged exposure to air while wet with developer, 
the following developer should be tried : — 



Potassium raetabisulpnite . 790 grs. (45 gins.) 

Caustic potash , . . 790 ,, (45 gms.) 

Glycin . . . . 525 ,, (30 gms.) 

Water to make . . 10 ozs. (250 e.C.) 
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This may be diluted as required ; normal dilution is i part to 
to parts (if water and a developer-improver (r/.;\) should Iil- 
added. If fog or stain are still encountered, reduce the 
mctabisulphite to 22-3 gtos, (395 grs.) and the caustic potash 
to 34 gms. (too graj 

Making Enlarged Negatives. 

For certain printing processes requiring daylight, or when 
a negative is too small to retouch, an enlarged negative may 
be made. For economy in material, the negative may be 
made by reversal, but most amateurs will probably prefer 
either to make a contact transparency and then enlarge from 
that to obtain the negative, or to make an enlarged positive 
from which the negative can be made by contact. The 
familiar processes of negative-making are here used throughout. 
The intermediate positive should have the characteristics of a 
negative so far as density and contrast are concerned ; that 
is, it should be much too dark when, looked at as it lies in the 
dish, but should appear satisfactory when viewed by trans- 
mitted light. For both transparency and enlarged negative a 
slow plate or film should be used. During exposure under 
the enlarger, a piece of black paper should be placed between 
the plate or film and the easel to prevent reflection. 

The enlarged positive is to be preferred to the contact 
positive in cases where the enlarging is being done to facilitate 
retouching, as in this case both positive and negative can be 
retouched if desired. In other cases neither method offers 
any appreciable advantage over the other. 

Enlarging Easel. See Enlarging, and Jelly for Easel. 

Enprint. Same given to a small enlargement, on paper 
4 1 X 3 J ins. in size, made from the whole of a miniature 
negative. They are supplied by all T). & P. firms at little more 
than contact-print prices. 

Episcope ; Epidiascope. The episcope is an apparatus for 
projecting on to a la 11 tern -screen images of opaque objects 
such as paper prints, postcards, coins, or medals. The principle 
is that of the ordinary projection lantern, except that the 
object to be projected, not being transparent, has to be 
illuminated from in front instead of from behind. Owing to 
the fact that a condenser cannot be used, the image is not 
brilliant unless the amount of light used is considerable. The 
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projected image is reversed from right to left unless steps are 
taken to re-reverse it ; this is usually done by interposing a 

mirror or a rcileeting prism at some point in the optical path. 

An epidiascope is simply an episcopu that is equipped for 
projecting ordinary slides as well as opaque objects. 

Plans for the construction of a simple cpiscope will be found 
in School-Made Diascopcs and Episcopes, published bv the 
British Film Institute. 

Equivalence, Chemical ; Calculations and Data, A 

chemist would define the equivalent weight of a substance as 
that weight of it which will combine with, or replace, one 
gram of hydrogen. The idea of equivalence, as between 
similar substances, is based on this definition. To take an 
example, 35.5 gms. of chlorine combine with 1 gm. of hy- 
drogen to form hydrochloric acid, and So gms. of bromine 
combine with 1 gnu of hydrogen to form hydrobromic acid; 
35'5 gms. of chlorine are therefore said to be equivalent to 
So gms. of bromine, on the grounds that the substances are 
interchangeable in these proportions. It is of the greatest 
importance to note that equivalence in any one connection — 
in this case, in combining with hydrogen — implies equivalence 
(or interchangcability) in every other direction too, ft 
follows that when any two substances combine together or 
react with one another, they do so in the proportions of their 
equivalent weights. 

Nevertheless, no short instructions or tabulations of data 
can be sufficiently detailed to make anyone without a chemical 
training quite safe in determining equivalent quantities, for 
there are many cases where the equivalent weight of a sub- 
stance may have different values according to the type of 
chemical reaction which it is undergoing. In combining with 
an acid, iron may have an equivalent weight of 28 (making a 
ferrous salt) or 1 8- 7 (making a ferric salt), while when we 
consider the change from the ferrous to the ferric state, or 
vice versa, its equivalent is 5G. Examples such as these could 
be multiplied considerably, but this one will serve as a warning 
that the layman needs to draw his conclusions with some 
reserve. 

The observant will have noticed that the figures just given 
are related ; they arc 56, 56/2, and 56/3. This simple relation- 
ship between the different equivalent weights that one sub- 
stance can have arises from the fact that chemical reactions 
take place between atoms. The atom of iron is 5G times as 
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heavy as that of hydrogen ; when iron displays an c.^ 
Weight of 56 each' atom of it is reacting with one atom of 
hydrogen (or its equivalent of some other substance). When 
the equivalent weight is 56/2, or 28, each atom of iron is 
reacting with two of hydrogen ; wJien it is 56/3, with three. 

The ratio of the weight of an atom of an element to that 
of an atom of hydrogen is called the atomic weight of the 
element, ant] its equivalent weight is always related to the 
atomic weight in some simple manner, as in the ease of iron 
just discussed. The following table gives the atomic Weights 
of the more common elements with an accuracy sufficient for 
all ordinary photograpliic purposes. 

Table of the More Important Elements and TitErn 
Atomic Weight. 



Aluminium . 

Antimony , 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine . 

Cadmium 

Carsium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Copper 

Fluorine 

Gold . 

Helium 

Hydrogen . 

Iodine 

Iron . 

Lead . 

Lithium 

Magnesium . 

Manganese . 

Mercury 



Symbol. 

Al 

Sb (Stibium) 
As 



Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu (Cuprum) . 
F 

Au (Aurum) . 

He 

IT 

Fu (Fcmim] . 

Me 

Mn 

Hg (Hydrargyrum) 
366 



Atomic irdjltt. 
120 

75 

■ '37 
, 20S 

11 

. 80 
112 

• 133 
. 40 

12 

. r. t o 
355 
52 
59 

■ &3 

• 13 

■ 197 

+ 
1 

127 

- 5& 
. 207 

7 
24 

• 55 
200 
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Name, 


SjTDbol. 


Ate mic \ ■ f. L i r ; h C. . 


Molybdenum 


. Mo 


. 96 


Nickel 


. Ni 


• 59 


Nitrogen 


■ N . 9 


■ 14 


Osmium 


Os . . 


. igi 


Oxygen 


.O . 


16 


Palladium . 


. Pd 


. 106 


Phosphorus 


. P . 


• 31 


Platinum 


. Pt . 




Potassium . 


, K (Kalium) . 


■ 39 


Rubidium . 
Selenium 


. Rb 


- 3 5 


Sg 


• 79 


Silicon 


.Si . 


iS 


Silver . 


Ag (Argentum) 


, 108 


Sodium 


. Na (Natrium) . 


23 


Strontium . 


■ Sr » 


, 88 


Sulphur 


. s . 


■ %% 


Tantalum . 


. Ta 


. 183 


Tellurium . 


. TG * m 


- 12 7 


Thallium 


■ TL 1 * 


. 204 


Tin . 


. Sn (Stannum) 


. 119 


Titanium . 


. Ti . 


' t 


Tungsten 


. W (Wolfram) 


. 184 


Uranium 




- 23S 


Vanadium . 


. V . 


• 5i 


Zinc . 


. Zn . 


65 



Chemical Formula. 

With a few exceptions, notably the metals, compounds arc 
much more commonly met with than are elements. A com- 
pound consists of a 'combination of two or more elements, 
and since a compound can only be built up by combinations of 
whole numbers of atoms, its composition can be — and usually 
is — expressed by means of the symbols given in the above 
table. Silver c'ldoride is built up, as analysis can readily 
show, from 108 gms. of silver to every 35.5 gms. of chlorine. 
That is, it consists of one atom of chlorine to each atom of 
silver. Its formula is consequently written AgCl, which 
formula, it is to be observed, implies the quantitative relation- 
ship just given. The '* compound atom " (one atom of 
each element), which is the smallest unit of silver chloride, is 
known as a molecule, and the molecular weight is the sum of 
the weights of the atoms involved— in this case 108 + 35-5 
or 143-5. J ust 33 & 11 dement caters into chemical reaction 
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in units of not less than one atom, a compound enters in units 
of not less than one molecule. 

More complicated formula; arc similarly constructed by 
writing in juxtaposition the symbols for the elements involved ; 
silver nitrate is written AgNO,. which means that it is built 
up of one silver, one nitrogen, and three oxygen atoms. Taken 
in conjunction with the atomic weights' the formula again 
Rives the composition, by weight, of the substance. Note that 
the small subscript " 3 " applies only to the oxygen. To 
make it apply to symbols other than that immediately pre- 
ceding it, brackets are introduced. Slaked lime, or calcium 
hydroxide, is represented as Ca(OH) 3 , meaning that two 
hydroxyl ' (OH) groups are attached to each calcium atom 
The group itself may contain subscript figures, as in calcium 
nitrate, GafNOj},, where two " nitrate " (NO,) groups are 
attached to the calcium atom in place of the hydroxyl groups, 
lhese subscript figures are only used when it is an atom, or a 
group incapable of separate existence, that is to be shown as 
present more than once in the formula ; where, as in the case 
of a double salt or a compound containing water of crystallisa- 
tion, it is a complete molecule that is to be " multiplied," a 
full-size figure precedes the formula of the molecule in question. 
Crystalline sodium carbonate, for example, has the formula 
NajCOjioH.O ; to form the crystals ten molecules of water 
combine with each molecule of the anhydrous carbonate 
NaXO a . 

The formula is all that is needed to determine the equivalence 
between anhydrous and crystalline carbonate. The molecular 
weight of Ka.CO a is 23+23 + 12+16 + 16 + 16=464-12+48 
= 106. That of water is 1 + 1 + 16 = 18, so that in the crystals 
180 gms. of water are combined with each 106 gms of 
carbonate to make a total of 286 gms. Every 286 gms. of 
crystalline sodium carbonate therefore contains 106 gms. of the 
anhydrous carbonate ; if the latter is to be used in making 
up a developer the formula for which calls for crystals, 106 gms. 
of the anhydrous salt may be used for every 286 gms, of 
crystals prescribed. A similar analysis will show that the 
corresponding figures for anhydrous' and crystalline sodium 
sulphite (formula of the latter I\ T a,SCv l ;H, ! 0) are 126 and 2,2 ; 
by a coincidence extremely convenient for p ho tog rap hers 
these are precisely in the ratio of two to one. 

Chemical Equations. 
A chemical equation shows, by means of the formuke, what 
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happens in a chemical reaction. Mixing a solution of silver 
nitrate with one of potassium bromide results in the forma Lion 
of insoluble silver bromide and potassium nitrate, thus : — 
AgNO a + KBr = AgBr + KNO a 
Since one molecule of each substance is involved, we know- 
that ng gms. of KBr react exactly with 170 gms. of AgNO a , 
leaving no unused excess of either, 188 gms. of AgBr and 
101 gms. of KNOj are formed. An equation of this type can 
be formulated for any reaction the course of which is known. 

Table of Formula. 
The following table gives the formula of most of the com- 
moner substances used in photographic work, together with 
the molecular weight of each. Where water of crystallisation 
is shown, it is included in the molecular weight. 

Mukrnla 
Weight, 



Acetic acid. 
Alcohol (ethyl) . 
Alum (ordinary) . 
Ammonia . 
Ammonium bichromate 
bromide , 
carbonate (nor- 

mal] 
chloride 
hydrosulphide 
hydroxide 
,, iodide 
nitrate 
oxalate 
„ persulphate 
sulphate . 
thiocyanate 
Banum bromidi; ' 

carbonate 
,, chloride . 

hydroxide 
,, iodide 
nitrate 
sulphide 

Borax 

Boric acid . 
Cadmium bromide 

chloride 

iodide 



CH 3 COOH 
C.HjOH 
A1 3 (S0 4 ) 31^0^4 H,0 

(NH.),CO.,H„0 

Rk 4 d ' 

NH ( HS 
KHjOH 
NH ( I 

(NHjlX-OjI-UO 

iNH i )",s.o; 

(NH,)-S0 4 
NH 4 CN5 
BaBr^H.O 

BaC0 3 " 
BaCl 3 2H s O 
Ba(OH).8H.O 
Bal.^H.O" 
Ba(XO a l. 
BaS 

Na.,B 4 0.loH„O 
"H 3 BO;, 
CdUr,. ( H.O 

cdL^:u 
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'7 
-5- 

yS 

114 

53-5 

5i 

35 
1-15 

80 
142 

131 
70 

333 
197 
244 
315 

4*7 
■261 

tW) 

382 
02 
3-1 -1 
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1 



Calcium bromide 
carbide . 
carbonate 
,, chloride 

hydroxide (slaked 
liroe] . 

iodide . 
oxide (quicklime) 
Carbolic acid (phenol) . 
Chrome alum 
Citric acid . 
Capper acetate , 
,, bromide . 
chloride . 
nitrate 
,, sulphate . 
Ferric chloride . 
( , citrate 
oxalate 
sulphate 
PJ ammonium sulphate 
Ferrous chloride . 
„ citrate . 
iodide . 
nitrate . 
„ oxalate . 
„ sulphate . 

ammonium sulphate 
Formaldehyde (formalin, g.v 
Formic acid 
Gallic acid . 



Gold chloride [auric) 
Hydriodic acid . 
Hydrobromic acid 
Hydrochloric acid 
Hydroquinonc 
Lead acetate 

iodide 
,, nitrate 
oxide 
Lithium bromide 
chloride 
iodide . 
Magnesium bromide 
,, chloride 



CaRr„(5H,0 
CaC, 
CaCO, 



Ca(OH). 
Cai„6H.b 

CaO' 
C^OH 
Cr j(SO,) :t l\.SO.i4H J 0 
CjHjfOHlfCOOllljI-UO 

CnBr, 
CuCI„2H,0 
Cu(XO" 3 ), 3 b„0 
CuSO^H.O 

FeCI;, " 
FeC,H,0 7 
Fe.fC.O^), 
Fe.(iiO*) :l <)H,,0 
Fe,(SO J ),(NH 4 ),,SO"2.,H.,0 
FcCl, 4 H~.0 
Fe,(C G ll r ;o : ):.iH s O 
FeI s .}H,U 
Fe(XO.,)„6H,0 
FcC.O, 
FeS0 4 7H.O 
FeSO^NH^.SO^H.O 
HCHO 
HCOOH 
C,H.(OH),COOH 

AuCl, 

HI 
HI3r 

HC1 

C„H,(OH),(para) 
Pl>(C.H.,0.,).3H..O 
* Pfat, 

FLO 
IJLSr JH..O 

Lta niio 

L.I }H.b 
.Mniir^H.O 

-■ ■ r-i * * m 



\Wi : . : t. 

308 
64 
100 
lit} 



74 
40* 

56 

94 
999 
210 
loo 
223 

171 
241 

250 

1 U2 
=45 

37'"' 

9G4 
>W 
593 
3«s 

2SS 

i. f . ( 

=78 
392 

30 

46 
170 

t>2 

303-5 
128 

8r 

3G\5 
iro 
37<) 
4tit 
33i 
223 
123 

& 

202 
203 
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sium iodide 

sulphate 
Mercuric chloride 
cyanide 
iodide . 
Mercuroua chloride 

,, iodide 
Methyl alcohol . 
Nickel chloride . 

sulphate . 
Nitric acid 

Oxalic acid ■ * 
Platinic chloride 
Potassium bicarbonate 
,, bichromate 
bromide 
carbonate . 
„ chlorate • 
chloride 
chloraplati mu- 
ck rate 
,, cyanide 
,, fcrrieyanidc 
lerrocyanido 
hydroxide . 
„ iodide 
,, mctabi sulphite 

nitrate 
„ oxalate (neutral) 
percarbonate 
perch 1 orate 
permanganate 
persulphate 
sulphide 
,, thiocyanate 
Pyrogallol 
Salicylic acid 
Silver acetate 
„ bromide 
chloride 
,, iodide 
,, nitrate 
,, sulphide 
Sodium acetate 

biborate (borax) 
bicarbonate . 



MrUSH.O 
MgSO^H.O 
HkCI, * 
HR(CN), 

w 

CH.OH 
NiCl, GH.O 

i-tci.stuo 

KI-ICO, 
K.Cr.O. 
kDr 
KXO^H„0 
"KC10 3 ' 
KC1 
K.PtCl, 
K 3 C 9 H\,0 7 H.O 
KGS 
K 3 Fc(CN), 
K^efCNJ^HX) 
KOH 
KI 
K„S.0 5 
KNO, 

'K'.C.Ol 
KCIO. 
KMnOj 



KCNS 
(nH)C- c H,(CO(. 

AiBr 

AgCl 

Agl 
AgNOj 

N:i,li,U,iolJ.U 



vaHOX, 



422 

-V> 
271 '5 

^53 
451 
23G 

3^7 
32 

if 

126 
481 
100 

294 

nrj 

»74 

122-.J 

4J5 
3^4 
65 
3 2I J 
422 
56 

222 
101 
1S4 
19S 
I38-5 
15 s 
270 
no 

37 
1 -->' 
J38 
167 
[88 
I43'5 
^ 
170 
24S 
1 36 

m 
84 
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Sodium bichromate . 
„ bi.Hulplia.lt; 

bisulphite 
,, bromide 

carbonate 

,, chloride . 

citrate 

hydroxide 

hyposulphite . 

iodide , 
„ m eta borate 

nitrate . 

nitrite 

phosphate (tribasic) 
(dibasic) 

. sulphate 
., sulphide 

„ sulphite . " . 
thioanlimonatc 
tiliosulphale (hypo) 
Sulphur dioxide . 
Sulphuric acid 
Sulphurous acid , 
Tannic acid 
Tartaric acid 
Thiocarbamidc (thiourea) 
Uranium (uranyl) acetate 
11 nitrate 
sulphate 

Zinc bromide 
iodide. 
., sulphate 



Euryscope 



Xa a Cr„0.2H 2 O 
N.iHSO.H„0 

NaHSG " 
NaBr jH„0 
Xa.COjjioH ,0 

" XaCl 
Na 3 C e H s 0 7 2H„0 
NaOH " 
Sue Sodium Thiosuluhate 
Nal2H.O 
NaBO, 
NaXQ.. 
NaNO. 
Xa^POjtoHnO 
Na.HP0 4 i2H,0 
Xa^SOjioH.'O 

XajSO^HjO 
Na 3 SbS 4 <jH„0 
NajS.OjjHlO 
SO,, " 
H.50. 

H ^C^iHj u.0. 7 
(CHOil.COOH), 
SC(NH ' 
UO a (C s H a O,),2H,0 
UO.("N*() a ) loH.O 
L'OjSO^HaO 
ZnBr. 
Znl,,' 
ZnSO ( 7H s O 



M etj; V.. 

'38 
104 

139 

286 

5S-S 
I'M 

.,0 

180 

66 

S3 
69 
344 
353 

322 
240 
252 
4S0 
248 



82 
618 
150 

70 
424 
50-! 
420 
- 2 5 
319 
2S7 



As bearing on calculations relating to chemical equiva- 
lence, reference may be made to the following articles : 

Calculations and Constants, Thermometry, Weighis 
and JIeasuijes, also Solutions and Solubilities. 

Equivalent Focus. Sec Focal Length. 

Etching, Photographic. See Piioto-aIkchanical Pro 

CESSES, 

Euryscope. One of tile many names coined for particular 
Double °) ° U " rciltilin ^ T " ltms - ( Stc Lkks alld 
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Ever-Ready Case Exposure 

Ever- Ready Case. A case so mailc that the camera tin 
be used without reniuving it from the case. Usually the 
camera is locked into the case by a strew engaging with the 
tripod -bush, and top and front of tile ease hinge" down in one 
piece to expose the lens and allow access to the shutter-release 
and other controls. 

Exposure. The action of submitting any sensitive surface 
to the action of fight, whether in the camera, when enlarging, 
or in a printing frame, is called ' ' exposure. " Correct exposure 
is the basis of all successful photography, but as in print- 
making and enlarging there is ample opportunity to experi- 
ment by means of small test-strips, we will here restrict 
ourselves to the consideration of exposure in negative-making. 
For the fundamental principles underlying exposure, and for a 
definition of " correct exposure," see Sknsitometry. The 
following notes are purely practical. 

Exposure is determined by three factors ; the amount of 
light reflected by the deepest shadows of the subject, the lens 
aperture in use, ami the speed of the emulsion used. 

(i) Light.— The amount of light reflected from the subject 
depends in turn on several factors. In outdoor work it 
depends on the amount of light available, as determined by 
time of day and year, by the extent to which the sky is clouded 
over, on the proportion of the available light which actually 
reaches the subject, and on the reflecting power of the latter. 

For purposes of exposure we need the total effect of all 
these factors. The simplest and most direct method is to use 
a photo-electric exposure meter (see Exposure MjiTELts) by 
which the amount of light reflected towards the lens by the 
subject as a whole can lie directly measured. So long as the 
subject to be taken does not depart too far in characteristics 
from the average subject for which the meter is scaled, the 
exposure required can then be immediately read off from a 
table or calculator, for any stop or speed of film. 

In using a photo-cell meter it should never be forgotten 
that the light-reading is a measure of tile total amount of 
light reaching the cell from all parts of the subject at which it 
is pointed. The reading, therefore, gives no direct indication 
of the depth of the shadows, and hence does not necessarily 
indicate the correct exposure. This defect can be overcome- 
by deliberately [jointing the meter at a part of the subject 
containing shadow only, and basing the exposure on the 
reading so obtained. The meter scales are used normally 
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for calculation, but an artificially high speed -number is 
allotted to the film. (See Exposure Meters.) 

Measurement of the light falling on the subject, which can 
be done cither with an actinometcr using sensitive paper 
(Watkins or Wynne meters), or by providing a standard winte- 
rer! ee tor and measuring the light reflected from it by means of 
a photo-cell meter (Smet hurst High-Light system) is one stage 
less direct, but almost equally informative, " Provided that the 
light measured is that reaching the darker parts of the subject, 
a simple table or calculator will give the exposure required, 
with any film or stop, for a subject of average reflecting power. 
A small allowance lias to be made for subjects of unusually 
high or low reflecting power, but this allowance is no greater 
than has to be made for exceptional subjects when using a 
photo-cell meter direct. 

Measurement of the available light (unobstructed skylight) 
is never attempted, for with no extra trouble or equipment 
the much more informative measurement described in the 
preceding paragraph can be made. 

Where no means of measurement arc available, the light 
reflected by the subject has to be estimated. While an 
experienced photographer can do this with tolerable accuracy 
merely by looking at the subject, and estimating direct the 
required exposure, the less practised usually rely on tables. 
In these data are provided by which the three factors con- 
trolling light can be. estimated step by step. 

Accurate tables of the intensity of unobstructed sunlight 
at different tunes of day and 'different seasons of the year 
form the foundation of all exposure tables. By inspection of 
the sky, an estimate is next made of the extent to which the 
sunlight is obstructed by mist or cloud. The proportion of 
the sky-light that reaches the subject, and the reflecting power 
of the latter, are generally estimated together by taking 
account of the " nature of the subject." " Portraits in the 
Open " and " Portraits under Trees " are two typical descrip- 
tions of subjects differing not at all in themselves, but only in 
the amount of light they receive, while an " Open Seascape " 
differs from an " Average Landscape " chiefly in the propor- 
tion of light which its darkest parts reflect. " Although, as is 
evident, exposures based on tables contain too much guess 
work to rank .is scientifically precise, yet witli tables to aid 
him, even a beginner can regularly obtain negatives the 
exposure of which lies within the latitude of his material. 

A brief set of exposure tables is printed for reference at 
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the end of this article. It will lie noticed that the numbers 
to be added are effectively logarithms : that is, each time a 
figure is added the exposure indicated is multiplied. An 
addition of two units amounts, throughout the table, to 
doubling the exposure indicated. 

In choosing a figure for " Subject " or " Weather " some 
discretion is required. It is evident, for example, that a 
brunette in dark clothes will require mure exposure than a 
blonde dressed in white, even though both may be described 
as " Outdoor Portraits." Similarly, " Dull " is a rather 
vague description of weather conditions, especially in the 
larger towns, where a layer of cloud may be blackened to 
almost any extent with smoke and soot. In view of the wide 
variations possible under these two headings it is not worth 
while to go minutely into the several less important factors 
that may affect exposure. 

(2) Lens A perl are.- — The influence of the diaphragm or stop 
on exposure is dealt with under the heading DIAPHRAGM [?.».). 
It is only necessary to point out here that the majority of 
modem lenses are marked for a series of stops so chosen that 
each requires double the exposure that would he needed with 
the next stop larger. The largest aperture, however, quite 
often does not fit into the series. 

(3) Emulsion Spt\d. — The question of 111 111 speeds is 
discussed under the heading of Sf.nsitomethy {ij.v.} where 
also will be found a table giving the relationship, for exposure 
meter purposes, between the various methods of marking 
film speeds at present in use. 

Points Concerning Exposure. 

In all exposure calculations, whether with a meter or a set of 
tatales, it is important to remember that the indication given 
is intended to be the minimum correct exposure. Except 
with some of the slower films, which are often single-coated, 
or with a subject of exceptionally wide contrast, it is always 
safe to give a longer exposure than that indicated. The 
penalty for unnecessarily generous exposure is a dense negative 
taking some time to print, but nevertheless yielding a print 
of excellent quality. For insufficient exposure, on- the other 
hand, the penalty is lifeless or even detailless shadows, and a 
negative that can in no way be persuaded' to give a well- 
graded print. The old rule " Expose for the shadows " is 
even more dependable with modern fast multi-coated material 
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than with the slow single-coated emulsions in connect ion with 
which il was first introduced. 

Development must on occasions be taken into account in 
determining exposure, as many developers of " ordinary " 
type, such as M.CJ. or pyro-soda, as well as modem developers 
of ultra-linc-grain diameter, demand that exposure be in 
excess of that needed when an M.O. borax or similar developer 
is to be used. With a normal (" minimum correct ") ex- 
posure, these developers give a negative showing all the 
characteristics of under-exposure. Allowance for this is 
best made by regarding tilt- film as being slowed by the de- 
veloper, and usine, a suitably reduced speed-number when 
calculating the exposure. 

Older books frequently stressed the importance of a slight 
yellowness of the light (as, for example, towards evening) in 
lengthening exposure. Modern material is so strongly colour- 
sensitive that this factor can now be practically ignored, as 
the intensity of the light, as estimated by eye or a photocell 
meter, is a completely satisfactory guide to exposure. Tl 
should be noted, however, that in using a sensitive -paper 
meter by yellow light the exposure indicated is unnecessarily 
long, as the meter- paper, like the early plates, is practically 
insensitive to any but blue light. 

It is sometimes staled that the contrast of the finished 
negative can bo increased by under-exposure. This ancient 
fallacy was proved incorrect when Hurter and Driffield pub- 
lished their first characteristic curve (see Sexsitometry) in 
iScjo, but it still persists in many quarters, even though one 
glance at such a curve is enough to show that contrast is 
reduced by under-exposure. 

The effect of incorrect exposure is always to falsify tone 
values ; it follows that every effort should be made to ensure 
that the exposure given falls witliin the range — often the very 
wide range — of correct exposures, unless some falsification of 
tone- values is deliberately intended. Control of contrast is a 
matter that must be left to the process of development. 

See also Exposure Meter, Sensitometry, Moving Objects, 
Hand-Camera Work, Tiu.ephoto Lens, Piioto-Micro- 
grapitv. Architectural Photography. Also Bromide 
Printing, Enlarging, Lantkrn-Rudi-: Making, etc. 

Exposure Tables for Electric Light. See Portraiture. 
Exposure Tables for Flashbulbs. See Flashbulb. 
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Exposures for iVrrir Objects. 

In discussing the effect of the lens -aperture on exposure (see 
under Diaphragm) it was tacitly assumed that the sen- 
sitive film was placed at, or near, the principal focus of the 
Jens — in other words, that the lens-film distance was approxi- 
mately equal to the focal length of the lens. While sufficiently 
true for calculating exposures of all normal subjects, this 
ceases to be true when photographing an object so near the 
lens that considerable extra camera-extension is required to 
get the image in sharp focus. 

In such cases the effective / /number is increased in the 
same proportion as the extension ; using a G-in. lens racket.! 
out 3 ins. beyond the normal infinity point, for example, 
exposures must be calculated for an //number onc-and-a-half 
times that to which the stop-scale is set. 

Exposure Tables for Daylight. 

In the exposure tables which follow the effect of the factors 
film-speed, month and time of day, subject being photo- 
graphed, stop, and light (weather) arc each represented by a 
number. To calculate an exposure, the appro priate numbers 
are taken from the tables and added together. Opposite the 
total in Table VI is found the exposure required. 

Example. — It is desired to take a photograph on a film of 
speed 28° Sch. (Table I) at 10.30 a.m. in June (Table II), the 
subject being an open view (Table III), to be taken at //8 
(Table IV) at a moment when the sun is behind a cloud 
[Table V), The figures from the tables are, in order, 6, 1, 2, 8 
and 3. These add up to 20. Table VI then shows that the 
correct exposure is t /150th sec. 

Table I.— Film Speeds. 



Dia. fcli- Her II. & D. Factor. 



'iu-'il 35-37 7,000-14,000 o 

iHri 32-34 3.5°°- 7.°°° 2 

r!~f l 29-31 2,100- 3,500 4 

\?-[u 26-28 1,300- 2,100 6 

ri!-i r, n 2 3- 2 5 800- 1,300 S 

J!)— 1 1 2Q-22 4OO- Soo IO 

iWii I?- IC J 4O0 12 

I'.nl 14-16 100- 200 14 
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Table II.— Normal Summer Time. 
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Table Ha.— Greenwich Time, 
Month *•»• 5 * nj-it 9-10 s- ., t-S 6-7 Ifgatii 
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Clouds : open sea ..... 
Open views : beach scenes 
Ordinary landscapes, etc., light foreground 
Landscapes with strong foreground ; light 
street scenes ..... 
Buildings or trees with heavy foliage 
Outdoor portraits, well-lighted close-ups . 
Indoor portraits by window, white reflector 
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Table 1 >. .— Stops. 
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TABts v. — Light. 

Sun unobscured ..... o 

Weak sunlight ..... n 

Sun behind cloud ..... 3 

Dull ....... 4 
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Exposure Meters. The uses of exposure meters, and the 
characteristics of the main types, are discussed under the 
head of Exposure {<]■&.}■ The chief types at present in use 
are the photo-electric, extinction, and sensitive-paper 
(actinomctcr) meters. 

Photo-electric Meters. — In these a photo-electric cell is 
pointed to face the subject to be photographed and is employed 
to convert the light energy collected into electrical energy, 
which in turn is passed through a semi Live microummcter, 
an electrical instrument which indicates, by means of a pointer 
over a graduated scale, the strength of the current flowing. 

By this means the intensity of the light, whether daylight 
or white artificial light, can be accurately measured, and 
this figure, when used in conjunction with tables or a 
calculator, gives a suitable exposure time and lens aperture 
for the emulsion speed of the negative material used. 

In some of those meters, the microammeter indicates the 
strength of the light in terms of light units only, Which neces- 
sitates conversion by calculating scales, but in others the 
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pointer indicates directly the exposure required for a particular 
Combination of fitns speed and stop. Conversion by calculator 
or tables provides for other combinations. 

The photo-electric cell does not " run down " with use like 
ail ordinary dry cell (torch battery, etc.), as is sometimes 
thought ; tiic energy it gives out is entirely derived from the 
light that falls upon it. Nevertheless, the 'photo-cell is liable 
to deteriorate with time owing to the eventual development of 
an electrical leakage between its layers, causing its output to 
fall. In the case of a two-range meter of the type in which 
the indicating instrument is shunted on the high range, any 




fall in output is most marked at the " (Jim light " setting. In 
meters where weak light is catered for by uncovering the cell 
more completely, the effect of deterioration is about equal on 
the two ranges, A deteriorated cell can always be replaced, 
at no great expense. 

In exposure meters of this type, the photo-cell is usually 
placed behind a short " grid " or recess so that the angle of 
incident light is about equal to that of the lens in the camera. 
This ensures that any possible strong lights outside the field 
of view of the camera will not influence the meter and so give 
a false exposure reading. For photographic purposes, the 
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photo-electric cell, which is very sensitive to the ultra-violet 
band of the spectrum, is covered with a suitable light filter 
to absorb the incident ultra- violet rays, so making the spectral 
sensitivity of the instrument approximate to that of the 
human eye. 

This type of exposure meter is of course equally suitable 
for cine cameras, and many models embody also a scale of 
the shutter speeds common with most cine camera shutters, 
i.e. i/i6th, i/32nd. and i /64th of a sec. 

In-order to extend the ratine of the instrument, and make it 
as sensitive and accurate to very weak light values as to strong 
sunlight, it has been found necessary in many models to 
include an electrical resistance which can be placed at will 
in parallel across the moving coil of the meter, as shown by 
the dotted lines in the diagram, in order to divert some of the 
current from the meter when meas urine; strong light. In 
other models the grid restricting the angle of view of the cell, 
and which also often covers a large part of the cell, can lie 
Opened to admit more light. 

Using a Photo-Electric Meter. — When a photo-electric 
meter is pointed towards a subject, the movement of the 
needle accurately indicates the total amount of light reaching 
the cell by reflection from the subject. Unfortunately that 
measurement, taken by itself, bears 110 necessary relationship 
to the exposure required, which depends solely on the depth 
of the deepest shadow in which detail is required. Of this 
the meter, used as described, gives nu indication at all. 

If the subject contains a fairly large brightly-lit area, the 
exposure indicated will be short ; the presence or absence of 
a few dark shadows will make almost no difference to the 
meter-reading, but a great deal of difference to the exposure 
required. The conversion of a reading of total light into an 
exposure indication is thus only possible when both the 
relative brightnesses and the relative areas of dark and light 
parts of the subject are more or less standard. The scales of 
the meter correctly perform this conversion for a subject 
regarded by the maker of the meter as " average " in this 
respect, but give quite unreliable results for subjects of different 
type. 

Several possible ways of using the meter to measure shadow- 
brightness present themselves. The most obvious one is to 
walk up to the subject and point the meter at some small 
part of it that is all shadow. The reading then given will be 
proportional to the exposure required, but owing to the total 
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exclusion of briglit objects, the movement of tlie needle will 
be small. If the scales are used normally the indicated 
exposure will therefore be far too long ; this, however, can 
be adjusted by working out the exposure for a film several 
times faster, or a stop several times larger, than that to be 
used in taking the photograph. 

Alternatively, the intensity of the light falling on the 
shadows of the subject may be determined, either by pointing 
the meter towards the light, or by holding a piece of white 
paper in a dark part of the subject and measuring the light 
reflected from it. Again fictitious speed -numbers will have 
to be used to convert the readings into practical exposures, 
but once the correct speed-number has been found, exposures 
should be uniformly accurate. 

To find a suitable speed-number, choose some subject of a 
type with which the method of pointing the meter at the 
subject as a whole lias already been found to be successful. 
Using this method, work out the exposure in the ordinary 
way. Then go up to the selected shadow and make a fresh 
reading in whichever of the three ways just outlined it is 
proposed to adopt, and find what speed-number has to be 
allotted to the film to make the exposure calculated from this 
new reading come to the same figure as that found by the 
first measurement. Use of this speed-number, however 
fantastic it may appear, in connection with the chosen method 
of measuring shadow-brightness, will give much more rebable 
results than can be had by just pointing the meter at the 
subject as a whole. ■ 

It should be noted, however, that a spool of eight negatives 
uniformly under-exposed, and so useless, is far more en- 
couraging as a trial result than a spool of eight printable 
negatives of widely varying density. The first proves that 
the method is sound, but that the speed-number chosen is 
too high. Rectification of this will then give negatives of 
uniformly correct exposure. A set of negatives all of different 
density would indicate that meter- readings bear no close 
relationship to the correct exposure ; in other words, that the 
method of working adopted is not a sound one, or is not being 
correctly applied. 

The colour sensitivity of a photo-cell approximates closely 
enough to that of an average panchromatic fdm to allow the 
meter to be used in exactly the same way by artificial light as 
by daylight, using the same speed number for the film. With 
orthochromatic films, the meter-reading should be interpreted 
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as for daylight, and the exposure it indicates should then be 
doubled or trebled. 

A note on the use of a photo-cell meter in a light, natural 
or artificial, which is not strong enough to operate the meter 
when it is used in the ordinary way, will he found under 

AUCHITECTUKAL PHOTOGRAPHY. 

Because of its construction, a photo-electric meter is 
necessarily a comparatively delicate instrument, and should 
be handled and treated as such. 

Extinction A/c/cr.s.— Exposure meters in which a number or 
design seen against a ground-glass screen is progressively 
darkened until it is only just visible. In an alternative form, 
a row of numbers of steadily increasing density is provided, 
and the eye has to select the" darkest that can just be read in 
the prevailing light. From the estimate so made of the 
brilliance of the light the exposure is calculated. Except in 
practised hands, the fact that the sensitivity of the human 
eye varies, according to the prevailing light, over a range of 
more than a hundred to one, tends to make all instruments of 
this type very unreliable in their readings. 

A clinometer (Sensitive Paper) Meiers. — In these the actual 
brilliance of the light is measured by seeing how long a piece 
of sensitive paper exposed to it takes to darken to a standard 
tint. From this measurement the necessary exposure is 
calculated by a calculator embodied in the meter. The two 
best known instruments of this type are the Watkins and the 
Wynne meters, the latter of which is still made. The actino- 
meter exposure meter is no less accurate than the more 
modem photo-cell instrument, but suffers from the disad- 
vantage that its readings are not instantaneous. In a poor 
light, but one not so poor as to preclude snapshot exposures 
with modern apparatus, the paper may take live minutes or 
more to turn colour. Tliis slowness in action, combined with 
the need for refilling with sensitive paper, has led to the 
virtual disappearance of the actinometer meter, though it 
was once the standard form of exposure meter. 

Refills for a meter of this type can be made by soaking 
ordinary bromide paper in a 5 per cent, solution of potassium 
nitrite or potassium metabisulphite, rinsing and drying it in 
the dark. A small piece of this is then exposed to the light 
of 2 grs. of magnesium ribbon coiled into a spiral and burnt 
at a distance of 4 J ins. from the paper ; the Lint to which it 
turns is matched with water colour paint, and serves as a 
standard tint for that batch of paper. The time of darkening 
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to match this tint is the correct time to take in conjunction 
with the calculating scales of a YVatkins meter. 

' Calculators.— Exposure calculators are identical in principle 
with exposure tables (see Exposure). The calculator- 
mechanism is simply a substitute tor the alternative process 
of adding a series of numbers. 

Extension Tubes. Tube inserted between lens and camera- 
body to provide extra extension, usually for focusing near 
objects. Particularly frequently used with miniature cameras 
fitted with focal plane shutters. A tube described as 
" (fa " is intended to give sharp focus at such a distance that 
the object photographed \s reproduced on the negative at 
half natural size. 

If a tube gives a ratio of reduction r, then — 

(i) its length must be / r, where / is the focal length of 

the lens with which it is to be used 
(a) the object must be placed at a distance (j- .- r)/ from 

llic node ul admission u[ the lens, tin- focusing nl 

the latter lieiny set for " Infinity." 

If the extra extension provided by a tube is e, then the ratio 
oi reduction it will give is equal to/ ~ t. 
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— F — 
" F " Numbers. Sec Diaphragm. 
Fabrics, Printing on. Sec Canvas and Silk. 

Faded Prints. Various methods for renovating faded 
prints have been suggested, but all are risky, and arc best 
avoided. The desired result can in almost all cases be more 
readily attained by copying the print and making fresh prints 
from the new negative. This subject is dealt with under 
Copying (r/.f.). 

Fading. The principal causes of the fading of both nega- 
tives and bromide or gaslight prints are insufficient fixation and 
insufficient washing. The former leaves an insoluble silver 
thiosulphate in the paper, and this is more sensitive to atmo- 
spheric influences than the pure metallic silver forming a 
properly- made image. The sulphur present in the thiosulphate 
is a further source of potential fading. Incompletely-fixed 
prints eventually turn yellow or brownish in the whites as 
well as showing deterioration and fading of the image. 

Insufficient washing again leaves thiosulphate (hypo) in 
the gelatine, and this in time attacks the image and causes 
fading. In this case the whites are generally unaffected. 

In general, sulphur compounds, and particularly sulphides, 
are the worst enemies of the permanence of a photographic 
image. Where much coal is burnt, and particularly in large 
towns, the sulphur compounds present in the atmosphere will 
in time attack the image. One of the surest ways of rendering 
a bromide print permanent is to tone it by the sulphide pro- 
cess {see Ton'tn'g) ; the image then is composed of silver 
sulphide and so is practically inert towards atmospheric 
sulphur compounds. Toning with gold, which hardly changes 
tile colour, also adds considerably to permanence. But an 
ordinary bromide print, fully fixed and reasonably well washed, 
will last the better part of a half-century at the very least. 
Gaslight and chloro-bromide prints are more sensitive to 
fading ; they should always be treated with a hypo-eliminator 
[ij.v.) before being dried. 

Prints by the now obsolescent print-out processes are much 
less stable, as the image is not of pure silver but of various 
compounds of more or less indeterminate character. These 
are much more readily attacked by atmospheric influences. 
The same may also be said of jrivnfide prints toned by pro- 
cesses other than the sulphide pruiTV 
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Fahrenheit Ferric Ammonium Citrate 

Carbon, Carbro, bromoil. oil and gum-bichromate prints 
are as permanent as the colouring matter used in their prepara- 
tion. If a permanent pigment such as carbon (lamp-black) is 
used they should last as long as the paper itself remains intact. 

External Sources of Fading other than the atmosphere are 
sometimes found in the mount or mountaat used. Hypo is 
used as an " anti-chlor " in the preparation of many papers, 
and if any remains in a mount (see test in the article on Wash- 
ing) it may cause deterioration. Particularly is this the case 
when print's art 1 mounted in an album, as the face of the print 
comes into direct contact with the opposite page. Where 
permanence is important dry mounting (see Mounting) is 
recommended, as the layer of shellac effectively isolates 
the print from any impurities in the mount. Further pro- 
tection can be given to a print by treating with dope or 
encaustic paste (see these entries) . See also Washing. 

Fahrenheit. See Thermometer. 
Farmer's Reducer. See Reduction. 

Peer-type. This process, patented by Dr. Adolf Peer in 
18S9 is founded on the property possessed by dia*o com- 
pounds (see Diazotvpe) of forming diazo-sulphomc salts 
with sodium sulphite : and these diano-sulphonic compounds, 
when mixed with phenols or amines and exposed to light, are 
decomposed, and the diazo compound is set free and forms a 
colouring matter— a positive is thus obtained from a negative. 

Ferric Ammonium Citrate. (Fr., Ammonio-citratc <lc fcr ; 
CUmic ammoniacal dc fcr ; Ital., Citrato difcrro amtnoniacale : 
Gcr„ Citronctununs Ehcno.xvdammon). Also known as 
ammonio-ritrate of iron. Two varieties of this compound 
exist the green and the brown. Neither is crystalhsable 
under usual manufacturing conditions ; they arc usually sold 
as scales formed by the evaporation of solutions to dryness. 
They have no very definite composition, but the green form 
appears to correspond approximately to 2FcC s Hj0 7 ; 
(NHjIXjI-l-O., and the brown form to FeC e H 5 0, ; Fe(OH) 3 ; 
{NHdH.C.H.O,. Both are very soluble. The salts are 
used in preparing sensitive paper for cyanotype {q.v.) and other 
printing processes. The green variety produces the faster 
paper. The solid salts keep well in sealed bottles protected 
from light. Solutions arr liable to grow mould. 
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Ferrotypes or Tintypes 



Ferric Ammonium Oxalate. (Fr., Oxalate ammoniacal 
de fcr ; Ital., Os sola to di fcrro anuiioniacale : Ger., Oxalsn litres 
Eisenoxydammon). Fe.tC.O.J^NHjJXjOjftHjO = S56. 

Greenish -white crystals which are partially reduced by light 
to the ferrous state, go parts dissolve in 100 parts of cold 
water. Used in platinotype and kindred processes. 

Ferric Chloride. (Fr., Perchioruve de fer : Chlorure- 
fcrriq-.tc ; Ital., Cloruro fcrrico ; Ger., Fetrichhrid, Eiscii- 
ciihrid). FeCl, = 162-5. Also known as perchloride of iron. 
Generally supplied in yellowish-red masses which are very 
deliquescent. 100 parts ol water at 60° F. will dissolve 
about Sg parts of ferric chloride. Soluble also in alcohol and 
ether. Used for preparing cvanotyoe paper, and for etching 
copper and zinc. (See Piioto-Mechanical Processes.) 

Ferrous Oxalate. (Fr., Oxalate ferrcux ; Ital., Ossalaio 
fcrrico : Ger.. Eiseuoxalat). FeC ; 0,. The active constituent 
of the ferrous oxalate, or iron, developer. (See Ferrous Oxalate, 
under Development.) Ferrous oxalate is very sparingly 
soluble in water, but dissolves comparatively freely in a solution 
of an alkaline oxalate. 

Ferrous Sulphate. (Fr., Sulfate fcrrcux ; Ital., Solfalo di 
crro ; Ger., Eiscnoxydulsuljat, Schwefchaitrcs Eisenoxydul ; 
Eisenvitriol). FeS0 4 7lI s O " 27S. Also known as sulphate 
of iron, protosulphate of iron, copperas, green vitriol. The 
crystals should be of a clear bluish-green colour, free from any 
adherent rusty- brown powder of basic ferric sulphate, to 
which both the salt and its solutions oxidise on exposure to 
air. 100 parts of water at 68° F. dissolve 48 parts of the crystals, 
which are insoluble in alcohol and ether, 

Fcrricynnidc of Copper, Toning by. See Ton [KG. 

Ferricyanldc of Potash. See Potassium Ferric van ide. 

Ferricyanido Reducer. See Reduction. 

Ferroprussiatc Processes. See Cyanotype. 

Ferrotypes or Tintypes. Positives taken by the wet 
process on thin iron plate coated with brown or black varnish. 
As the production of these is exactly the same as the pro- 
duction of collodion positives on glass, instructions are given 
for this under wet collodion (i/.f.j. Ferrotype plates coated 
with a thin him of a highly argentiferous gelatine emulsion 
have been introduced commercially for use with semi-auto- 
matic cameras. 
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Field, Depth of Fiim Pack Adapter 

Field, Depth of. See Depth ok Focus. 

Field of a Lens is the circular area illuminated by the 
lens, the diameter of which is usually expressed in inches or 
degrees, but is sometimes expressed in terms of the focal 
length. The extent of surface which a lens will illuminate is 
independent of the diameter of the diaphragm aperture, but 
the area of sharp focus is affected by the diameter of the stop 
(See Lk.vs, Widl-Anglk, and Axglk of Viicw.) 

Figure Studies, See Pqrtraiturk. 

Film. The thin pellicle of skin or sensitive material on 
plates or paper is spoken of as the film, although the term is 
more generally applied to celluloid coated with sensitive emul- 
sion for exposure in the camera. (See Films.) 

To Remove Film from old Plates.— Soak the plates overnight 
in a fairly strong solution of ordinarv washing soda and then 
transfer them to very hot water. Under this treatment, 
some hlms peel off the glass, and some dissolve. In an 
obstinate case, the film may be scraped oil with the edge of 
another plate. Final washing completes the process. (See 
also Stripping.) 

A pile of plates put into a basin to soak will stick firmly 
together unless separated. This can be done bv winding a 
length of string in and out of the plates so that each is slightly 
separated from the next. 

Film Pack. A packet of ilat films (usually twelve) in a 
metal-and-cardboard container so devised as to allow the 
whole to be loaded in daylight into a film-pack adapter (q.v ) 
and used in a camera designed for plates. Each film is backed 
with a piece of opaque paper which narrows to a strip at the 
bottom of the film. These strips are brought up behind the 
films and their ends project as tabs through a light-trapped 
slot at the top of the pack. After exposure, the projecting 
tab corresponding to the film just exposed is pulled out. 
drawing the film round the base of the unexposed iilms to the 
back of the container. To enable the pack to be put into the 
adapter in daylight, an opaque cover, also equipped with a 
tab, is placed in front of the first film. The tab o£ this ■■ safety 
cover" (usually marked '■ |J ") has to be pulled out before 
making the first exposure. (See also Films.) 

Film Pack Adapter. Abbreviation, F.F.A. A holder for 
film-packs [q.v.) which is inserted into a plate camera in the 
same manner as a dark slide. Like a slide, it has a pull-out 
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shutter over the front, allowing the adapter to he removed 
from the camera (or focusing. The back, shaped like a shallow 
box, usually hinges open to allow a used pack to be removed 
and a new one inserted. This can be done in daylight, as in an 
unused or completely-used pack the films are protected from 
light. 

Films. The disadvantages of glass when used as a support 
for the sensitive material — which are its weight, its bulk, and 
liability to fracture— induced many experimenters in the past 
to search for a light, llexible support which might be used as 
a substitute. On the introduction of gelatine emulsions the 
search for a substitute received great impetus. Woodbury, in 
1 871, suggested Tollable idms ; Warnerkc, in 1876, used 
gelatine emulsion spread on paper, from which it was after- 
wards stripped ; Humphrey, Vergara, and others followed ; 
but it was not till the introduction of celluloid {(/.v.) that a 
satisfactory material may be said to have been found. 

Sensitive films have now become the usual medium for 
negative-making, and are supplied as "cut films," film packs 
(q.v.), and " roll films." The last named are in lengths rolled 
with a black or red paper backing on spools, and are by far 
the most popular form of negative material for the amateur. 

The spool of film is inserted at one end of the 
camera, and the paper is drawn across the picture-opening and 
attached to a second empty spool. The camera is now closed, 
and the paper wound across the camera until the beginning of 
the strip of film is in place for the first exposure. This is 
indicated by the appearance of a number, printed on the back 
of the paper, in a small red window in the back of the camera. 
As eacli exposure is made the film is wound along, still using 
the numbers as a guide, and when all are exposed the end of 
the filni, together with the remaining length of bacldng paper 
to cover it, is wound off on to the originally empty spool and 
can be removed from the camera in daylight. 

For many small cameras a 36-cxposurc strip of cine film is 
used without backing paper, though in some cases a paper 
leader is attached to each end as protection from light. (See 
Miniature Cameras. ) 

Types oj Film. — Most makers offer films of four different 
types, two orthochromatic and two panchromatic. The first 
two are the " ordinary " or " standard " film of speed about 
25 0 Sell, and with moderate colour sensitivity, and the 
" chrome " film of about double the speed of the ordinary 
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film, and with greatly- increased sensitivity to green and 
yellow and much greater latitude. They arc known as 
" chrome " films because the names under which they are 
sold in must cases (Verichrome, Seloehrome, etc) end with 
tlii s syllable. Of the panchromatic lilms one, in most makes 
sold as a fine-grain film, has a speed that is usually inter- 
mediate between that of the " chrome " and ordinary films, 
while the speed of the: other is usually about double that of 
the " chrome " dim. Special fine-grain roll films of low speed 
are obtainable in one or two makes, while others are available 
only as 35 mm. fdm for miniatures. See Copying. 




In roll and pack films, the " chrome " type is probably the 
most popular, though panchromatic films are very widely nsed. 
In miniature foj-mm.) sixes the orthochromatic film has been 
almost entirely superseded by panchromatic. 

Developing Roll Film. — Roll films are now almost always 
developed in a tank by " time and temperature " (see De- 
velopment). In the absence of a tank it is easiest to develop 
in the dark-room by the " see-saw " method illustrated in the 
accompanying sketch, drawing the film to and fro through 
the developer. To ensure even development, it should first 
be " sec-sawed " through water until it is limp. 
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Another method sometimes proposed is to hold one etui of 
tin- film only, and let the other end roll up and unroll in the 
dish as the hand is raised and lowered. A small deep dish is 
best for this. This procedure is chiefly notable for the re- 
markably line crop of scratches and abrasions that the finished 
film shows. 

liven with the see-saw method, it is so difficult to avoid 
scratching the face or back of the film that the use of a tank is 
greatly to he preferred. The long lengths of 35 -mm. film 
used in miniature cameras (j -u.j metres, or about j| ft.), are 
quite impossible to handle unless wound on a. reel or drum. 

Fixing, washing, and drying am described under the 
appropriate headings. 

Bach Coating. — Koll and pack films are generally coated on 
the back with gelatine. The purpose of this is to counteract 
the tendency to curl set up by the contraction during drying 
of the gelatine on the emulsion side. Cut films, which are on 
a thicker base, are not usually coated on the back, nor are the 
35-mm. films used in miniature cameras. 

Using Stale Films. — If a film is kept beyond the develop- 
ment-date marked on it, it may show mottled markings on 
development, and will in any case have lost a good deal of its 
speed. Exposure should l)e generous, and as the behaviour of an 
old film is always unpredictable, development should be by in- 
spection, first desensitising if the film is panchromatic, and it 
is a wise precaution to add a developer-improver (j.v.) to 
check the fog that stale films usually show. 

Developing Pack l-ilms. — Tanks for pack films are obtainable, 
but most workers who use plate cameras prefer to develop by 
inspection. Provided that the films are first well soaked in 
water to soften them, they may be developed like prints in 
batches of 3, 4. 6, or 1 2 in a dish. Fixation takes place in the 
same manner, and after washing they are pinned up by one 
corner to dry. (See Fixing, Washikg, Drying.) 

Cut Films (</.v.) may be handled separately like plates, or 
in batches like pack films. Owing to their greater stiffness, 
extra care must be taken that the comer of one film does not 
scratch the emulsion of another. 

It should be noted that the sizes in which films are sold 
differ in some cases from those customary for plates. (Sec 
Sizes.) 

Film Hardening. See Hardening Agents. Hakdemkg 
FixiiR, Hardening Stop-Bath, and Sckatui-Phooi--. 
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Filter. Also known as colour filter, light filter, colour 
screen, ortlw screw, yellow or green screen or filter, and other 
recognise biy similar terms. 

Reference to the article Colouk-Sensitivk Emulsions 
will show that although emulsions of this type have hecn 
sensitised to green, yellow, and perhaps also orange and red 
light, their sensitivity to blue and violet light remains excessive. 
Blue objects are therefore shown lighter in the photograph 
than they appeared to the eye, 
> Suppose that we are photographing two patches of colour, 

green and blue, which have been so adjusted in tint that to 
the eye they appear of equal depth. Even on a colour- 
sensitive emulsion, the blue patch would photograph as much 
lighter than tire green. If now we put over the lens a coloured 
glass that passes all the green light without obstruction, but 
absorbs a proportion of the blue light, the amount of the 
latter reaching the film can be reduced until its effect is 
exactly equal to that of the gTeen light reflected from the 
second patch of colour. The two patches will now photo- 
graph as though they were of equal depth of tone, so repro- 
ducing in monochrome the effect seen by the eye. The 
coloured glass in question is a light filter. 

If a glass absorbs blue light only, the light it passes will be 
white light with some of the blue left out. To the eye, this 
will appear yellow. A yellow filter is therefore chosen for 
most purposes, for it is mainly to blue that the emulsion is 
over-sensitive. But it must on no account be forgotten that 
though it api>ears simply yellow, the filter is also passing 
red, orange, and green light almost without obstruction, as 
well as letting through some portion at least of the blue and 
violet. 

A little consideration will show that the greater the 
sensitivity of a plate to green and yellow, the less blue light 
will have to lie absorbed by the filter to reduce the impression 
made by blue light to the correct level. The more colour- 
sensitive the emulsion, therefore, the paler the filter needed 
for adequate correction. It is further evident that the 
greater the contribution made to the total sensitivity of the 
emulsion by its sensitivity to green and yellow light, "the less 
increase in exposure will be needed by a filter which cuts off, 
say, nine -tenths of the blue light. 

Although the fact that the filter absorbs light must always 
mean that its use involves a compensating increase in exposure, 
the paleness of the filters that suffice to cut down blue 
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adequately with modern emulsions, comliinetl with the fact 
that these emulsions derive a very considerable part of their 
sensitivity from colours other than hlue. means that the extra 
exposure needed is not very great. At the beginning of the 
century an orthochrornatic plate — initially very slow by 
modern standards — required for satisfactory colour-correction 
a filter needing an increase of some thirty times in exposure ; 
witli the fast orthoeliromatic films now available a filter 
requiring an increase of but three times gives the maximum 
correction needed for blues and greens. With the old plate 
mentioned above the same filter might have necessitated 
perhaps a ten times increase, and even then would have given 
insufficient correction. 

Panchromatic films are of two general types ; those in 
which the red -sensitivity has been pushed up to high values 
to attain the highest level of speed, in particular towards 
artificial light, and the " orthopauchromatic " or " reetepan- 
chromatic " films in which the sensitivity to red is no higher 
than that to green or yellow. With the latter all that is 
needed is a yellow filter to cut down blue, but with the former 
a filter absorbing both blue and red light, and so appearing 
green, is required for the correct rendering of colours. With 
some films of very- high red-sensitivity, a blue filter is needed 
for accurate correction in artificial light. 

Filters can be bought in several forms, of which the cheapest 
is as sheets of dyed gelatine. These are satisfactory for 
experimental work, but their glazed surface is too easily 
rendered dull by moisture or friction for them to be of much 
permanent value. Even a finger-mark will render such a 
filter useless. The most practical way of using a gelatine 
filter is by leaving it permanently in place behind the front 
combination of the lens, ft should be cut to shape between 
pieces of stout paper or thin smooth card to prevent damage in 
handling. 

A glass filter may consist either of a gelatine filter cemented 
between glass plates, or of a single piece of glass coloured in 
the mass. The former tend to be more desirable on scientific 
grounds (accuracy of tint, maximum correction) but are in 
general less durable and less convenient in use. The range of 
filters obtainable in gelatine (cemented or plain) is very many 
times wider than that of those to be had in the form of coloured 
glass. 

In either case the glass must be plane -parallel if the defini- 
tion of the picture is not to suffer, and where lenses of large 
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diameter are in use the most accurately-ground optical flats 
(r/.;\) arc necessary. Carefully selected patent plale glass is 
sufficiently good for all ordinary amateur work. 

Most of the makers of sensitised material make filters 
specially adjusted to their own emulsions, but of necessity 
the mounts they supply (save to special order) are of the 
general-purpose type that lit, by means of springs, lenses of a 
fairly wide range of diameters. It is rare that a lens-hood 
can bo used in conjunction with such a mount. Camera 
makers, on the other hand, supply filters in mounts designed 
for their particular instruments, and in many cases supply a 
lens-hood that can be used at the same time as the filter, but 
it is evident that the filter itself is not calculated for the 
emulsions of any one particular maker. The photographer 
has to choose for himself whether he will have a filter to suit 
his camera or to suit his film. 

Graduated Screens, Graduated Filters, or Sky-filters, arc 
yellow or green filters in which the colouring varies from fairly 
deep at one end to colourless at the other. If placed well in 
front of the lens, such a filter can be adjusted so that the 
coloured part covers the sky while the clear part covers the 
landscape. Although a special mount is required, these 
filters have 11 ic advantage that they can be used to give good 
cloud -rendering without any increase in exposure being 
necessitated by their use. 

Multiplying Factors. — The increase in exposure necessitated 
by a niter depends, as already made clear, on the colour- 
sensitivity of the emulsion. Although neither all ortho- 
chromatic nor all panchromatic films are alike in this respect, 
the factors given in the table opposite may be accepted as 
approximately correct for the two types of emulsion. 

The Preparation of Filters. — Filters may be made by coating 
glass with colourless gelatine and then staining tiiem by 
immersion in a solution of a dye. Alternatively, the dye may 
be incorporated in tiie gelatine before coating. A photo- 
grapher desirous of making his own filters will, however, be 
very much better advised to buy a ready-prepared gelatine 
filter, which will only cost him a few pence, and to cement it 
up between suitable glasses. 

The glasses, which should be best quality patent plate, 
may be bought cut to the required size. The cement used is 
Canada balsam. Dilute this with xylene till it is about as 
thick as glycerine, pour a small pool on to the centre of one 
of the glasses, and spread it more or less evenly over the whole 
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Multiplying Factors of Wrll-KnoW» Filtkks. 



Maker. 
Agfa 



Name. 



Ilford 



Kodak 



Leitz 



Optochrom 



V, 
Zeiss 
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matic. 
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No. 2 
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Yellow 
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Green 




Yellow i 
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Yellow 2 
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Green i 
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Green 2 
Blue 


6 
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Red 
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Moment 


2 


Normal 


5 


Light 


2 


Medium 




Orange 


I 


Panchro 





Panchro- 
matic. 
It 

l i 

2 

*J 
23 

3 

2 

3 

i. 

4 
i 

ij 

3 

■i 

2 

3 
5 

3 

2 

•;: 

li 

2 
2 

i' 

I 

2 £ 

2 
3i 

2 
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Filter Papers Fine -Grain Development 

surface with a glass rod. Lay the gelatine on this, cover it 
with e Ira n card and press out excess of balsam. Now spread 
balsam, as before, on the filter, press the SCCond glass firmly 
down, and make sure all excess balsam and all air-bubbles 
have been pressed out. Leave under pressure far some days 
to dry, and then waterproof the edges with celluloid varnish. 

Fillers for Three-Colour Work. See Colour Photography. 
See also CdLonii-SiiNsiTivi; Km l 1 ls ions. 

Filter Papers. See Filtration. 

Filtration. In most cases such filtering as is required for 
photographic operations is done through a wad of cotton-wool 
pushed into the neck of a funnel. Eeallv finely-divided 
precipitates cannot be filtered out by this, and for these more 
exacting cases a filter-paper should be used. This is a pure 
paper not dissimilar from blotting-paper, sold ready-cut into 
circular discs. For use, a disc is folded into four quadrants, 
and one of these is opened out to form a conical cup. This is 
fitted into a glass funnel, and the liquid to be filtered is poured 
into it. 

Final Support. See Carbon Process. 
Finder. See View Finder. 

Fine -Grain Development. Fine-grain development aims 
at producing negatives in which the structure of the image is as 
homogeneous as possible. The need for this has arisen 
through the widespread use of cameras making small negatives 
that have to be enlarged many diameters to produce the 
final print. 

The most fundamental way of controlling graininess is by 
choice of emulsion. Many of the modern films combine a 
reasonably high speed (up to perhaps 27° Sell.), with a freedom 
from grain that allows of making enlargements of several 
diameters even when an ordinary (non-fine -grain) developer 
is used. With almost any fine-grain developer, such a film 
will give enlargements of 10 to 20 diameters before the structure 
of the image becomes obtrusive. Faster films, however, are 
grainier, and special precautions are generally necessary when 
developing these. 

Another factor of the highest importance is the exposure 
given to the film. Two prints, made from negatives that 
received different exposures but were developed together in 
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;i devchiper mi containing paraphmylene diamine, mnv Ik- 
identical in depth am) cnntrast, but that matte from the more 
fully exposed uegn tive will .show very miu li more grai ninths. 
For the finest grain, it is therefore essential to give an exposure 
only just long enough to ensure good reproduction of the 
shadow touts. This exposure is generally referred to as the 
" minimum correct exposure." (See Si:nsitomi:tuv.) 

With paraphenylenc diamine developers, however, increase 
of exposure appears to decrease graininess rather than to 
increase it. 

From the practical point of view, avoidance of the 
" clumping " of grains during development is a most im- 
portant matter, as even in the fastest emulsion the actual 
grains are exceedingly small. The graininess that is seen in 
an enlargement from a grainy negative is therefore caused, 
not by individual grains, but by agglomerations of grains. 

The more energetic the developer used, and the longer it 
is allowed to act, the larger and more obtrusive will these 
agglomerations be. A fine-grain developer is essentially one 
which is gentle in its action, and even in this development is 
only carried far enough to give a soft negative, suitable for 
printing on a moderately contrasty rather than on a soft 
grade of paper. 

The energy of a developer may be kept down either by 
choosing an inherently non -energetic developing agent, such 
as paraphenylenediaminc, or by using a more energetic 
developing agent, such as metol, and keeping the amount of 
alkali in the solution so low that its action is gentle. Both 
types of developer are in regular use. An additional line of 
attack is furnished by the use of solvents of silver bromide 
(e.g., a sulphite, a thiocyanate, or a bromide) which, by their 
tendency to dissolve away the edges of the grains, reduce 
their tendency to agglomerate during development. 

Since the latter effect can reduce the amount of silver 
deposited as a result of a given amount of light action, the 
presence of an excessive amount of a solvent of a silver 
bromide makes extra exposure necessary. So also does the 
use of a developing agent of very low energy, which is usually 
incapable of bringing out lightly exposed detail that could have 
been developed up mth a more energetic developer. In 
effect, therefore, a film may be slower when a fine- grain 
developer is used. This fact has led to the introduction of 
a number of formula; offering different degrees of fineness 
of gTain in exchange for different degrees of loss of speed. 
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Formula Based on High-En-ehcy Developing Agents. 

D.76. — Although it was original Iv put forward as a fine-grain 
developer, the ^I.Q. borax formula of the; Eastman Kodak 
Company of America, universally known as D.76, is rapidly 
bCCOntitlg a standard all-purposes developer in all amateur 
work. It is now realised that the fineness of grain that it 
gives is in no way remarkable, being but little superior to that 
given by many JI.O, and similar developers of traditional type. 
Its general adoption is chieily due to the fact that no other 
type of developer allows as short an exposure to be given 
without signs of under-exposure becoming manifest. Only 
when using D.y(>, or one of the many related developers, does 
the film show its maximum speed. 

The high proportion of sodium sulphite, which aets as a 
mild solvent of silver bromide, ensures that grain shall be 
moderately fine, while it also appears that the sulphite helps 
to maintain the speed of the film. 

The formula for D.76, with those of various related 
developers, is given in Choosing u Developer under Dkvklop- 
mkxt, but as it has served as a starting-point for form u he 
of more definite line-grain type, it is repeated here for reference. 

It is 

Metol . . . 17} gr. 2 gms. 

Sodium sulphite (anhyd.) 2 oz. 100 gms. 

Hydroquinone . . 44 gr. 5 gms. 

Borax .... 17A gr. 2 gms. 

Water to ... 20 dz. 1 00a ex. 

Buffered Bo r or. —Under this name a variation of D.76 has 
received much publicity. The formula is that of D.76 with 
the addition of 125 grs. (14 gms.) of boric acid. As the borax 
remains at its original low figure (compare D.7&d), this addition 
lowers tlie activity of the developer. The effective emulsion 
speed is in consequence very noticeably reduced, and the 
graimness is very appreciably less than with D.76 or D.7&d. 

Development Time. — -With continuous agitation, 16 to 10 
minutes at 65 0 F. with the fastest films. 

Keeping Properties. — Between those of D.76 and D.76CI. 

Exhaustion. — Rapid, owing to high susceptibility to products 
of development. A maximum of two 36-cxposure strips 
should be developed in each half-litre {17^ ozs.). 

MeioI-SuIpJtite. — Slow- working and gives finer grain than 
most metol or M.Q. formulae. Specially suited for subjects 



Fine-Grain Development 

of very high contrast, as it develops shadow detail without 
blocking high-lights. 

Metol ..... 130 grs. (15 gms.) 

Sodium sulphite (anhydr.) . 610 ,, (70 gms.) 

Potassium bromide . . . 9 ,. (1 gm.) 

Water to .... 20 ozs. (1,000 c.c.) 

Development Time. — Up to 25 or 30 minutes at 65 ° with the 
fastest films. 

Exhaustion. — No precise data available, but the large pro- 
portion of mctol present suggests that exhaustion would be 
slow, 

D.Z3. — A recently introduced Kodak formula containing 
mctol and sulphite unlv. 

Motul .... 65 grs. (7$ gms,} 

Soil, sulphite (anli yt Irons] . 1 oks. (too gms.) 

Water to . . . 20 ,, (ioooCc.) 

Development lime. —22 m ins. at 68 J for the fastest films. 
Average roll films, 17 mins, 

Emulsion Spted. — Slightly less than with D.70. 

Exhaustion. — One litre (35 oz.) will develop eight rolls of 
film (alti nit Ho sq. in. each) before loss of emulsion speed becomes 
excessive, Kach film requires 10 per cent, longer development 
time than the last. For replenishes see below. 

Grain. — Slightly finer than D.76. 

D.2 5.— Identical with the D.23 formula above except that 
the activity is reduced by the addition of 15 grams (130 grains) 
of sodium bisulphite. 

Perelapmntt Uwc.— ii minutes at 77* for the fastest films ; 
average roll films 17 ruins. 

Graii}.— Slightly finer than D.K.20 ; a good deal finer than 
D.23 nr JJ.76. 

Emulsion Sf'eeiJ.— Average about 60 per cent, of that found 
with D.76. 

Exhaustion.— As D.23, kut increase time by 15 per cent, for 
each film after the first. 

Replcnishcr for /J.23 and 2^,25,— The life of both D.23 
11,25 may be extended by adding the following replenisher at 
the rate of J or., per film up to 25 films per original 35 oz. for 
D. 23, or, for D.25, i± oz. per film for the first 12 films per 
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original 35 oj r. and J oz. per film thereafter up tu a maximum 
of films. 

Metal . ss grs. (10 Kins.) 

Sod. sulphite (anhvdr.) . j nzs. (loogms.) 

Sodium mural. urate (Kodalkj 175 grs, (20 gtas t 

Water to . . . 20 ozs. (1000 c.c.) 
When using tin- replenishcr tin- 1 hvelupment time remains 
unchanged throughout tin- life of tin- developer. 

D.K.20.— This developer, which gives a considerably finer 
grain than D.y6, owes its improved fine-grain properties to 
the inclusion of a thiocyanate and a bromide, both of which are 
solvents for silver bromide. The results, both from the point 
of view of grain and of emulsion-speed, are not very- dissimilar 
from those given by " buffered borax," but the keeping 
properties and behaviour on exhaustion are very much more 
favourable. The formula is 

Elon (nietol) . . . 44 grs . ( 5 -o gms.) 

Sodium sulphite (anhydr.) . 880 ,, (100 gms.) 
Kodalk .... 17.V „ (2-0 gms.) 
Potassium thiocyanate . . g „ (frogmSij 
Potassium bromide . 4 J (0-5 gms.) 

Water up to. . . .20 02s. (1,000 c.c.) 
Keeping Pro pcrtics . — E x cell e at . 

Development Time. — For the fastest films, about 18-20 
minutes at 65° F. with constant agitation. 

Emulsion Speed.— Averages about 62 per cent, of that 
found with D.76, and is still about 10 per cent, higher than that 
with a conventional U-Q developer. 

Exhaustion.— Up to a maximum of six 36-exposure lengths 
of 35-mtn. film may be developed in half a litre (17' ozs.). 
For constant gamma, times for successive films should be in 
the proportions 100, 113, 132, 155, 182, 213, 

Replenishcr for D.K.20.— Change in development time with 
use can be avoided by adding £ 02. of the following replenislier 
after the development of each roll of film (80 sq. in.J. 

Metol . . . $j (4TS. (75 gms.) 

Sod. sulphite (anhydr.) . 2 ozs. (loogms.) 

Sodium met aborate (Kodalk) 175 grs. (20 gms.) 

Potass, thiocyanate . . 44 „ ( 3 gm s.) 

Potass, bromide . . o ,, (3 gm.) 

Water to 20 ozs. (iodo c.c.) 
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Each litre (35 0;:.) of D.K.20 may be used for 25 films, if 
replenished as above, before loss in film speed becomes notice- 
able. 

Formula Basco on Low-Enj;rgy Developing Agents. 

The only low-energy developing agents in common use are 
parap hen ylenc- diamine and Mcritol. The latter is a pro- 
prietary developing agent which is an addition -compound of 
paraphcnylenc-diamine and pyrocatechin in molecular 
proportions. 

Plain paraphenylene-diamine, made up with sulphite only, 
is slow in action, causes very considerable loss in emulsion- 
speed, and will not give a very high gamma even if develop- 
ment is prolonged. But the grain it gives is very fine indeed. 
It is now very little used, as the decrease of emulsion-speed in 
most cases makes it more profitable to use a slow film of 
inherently fine grain and develop it in D.76 or D.K.20. 

Scase Developers. — To lessen the extra exposure required, 
various experimenters have used paraphenylene-diamine in 
alkaline solution, or have added other developing agents of 
higher energy. This gives increased emulsion -speed, but at 
the cost of coarser grain. The Sease developers, due to the 
American experimenter, Dr. Sease, offer four different com- 
promises between grain and speed. They consist of para- 
phenylene-diamine and sulphite, to which is added varying 
amounts of glycin. The Sease Hi formula has become 
accepted in America as the standard developer of its type. 
In performance it is practically identical with Meritol or 
M. CM. 100 (below), in which the pyrocatechin plays almost 
exactly the same part as the glycin in Sease Iff. 

The formula? are 

Sense I. 

Paraphcnylenc-diamine . . 88 grs. (10 gms.) 

Sodium sulphite (anhydr.) . 790 ,, (go gms.) 

Water ..... 20 ozs, (1,000 c.c.) 

Scase II, Scase III, and Scase I V. — These consist of Sease I 
with the addition of 1, 6, and 13 gms. (9, 52, and 105 grs.) 
respectively of glycin. 

Keeping Properties. — Good. 

Development Times. — With minimum agitation, 33, 22, 17, 
and 15 minutes at 65° F. for the fastest films. 
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Em 1 1 Is ion Speed. — Varies with HI in, but for fastest may be 
no more than 20 per cent, of normal with Seasc I, rising to 
50 per cent, of normal with Sease IV. 

Exhaustion. — No measured figures available, but each 
half-litre (17* ozs.) is said to develop four to five 36-exposure 
strips of 35 -mm. film (200 to 250 sq. ins. of negative). Increase 
time about 6 per cent, for each length (50 sq, ins,} after the 
first. 

Edwal 12. — By far the best all-round paraphenylene dia- 
mine formula- arc those activated with a little me to], which 
increases emulsion -speed considerably but coarsens grain 
only by a trifle. The Edwal 12 formula, which is very economi- 
cal in it.se, is very popular in America. Its British counter- 
part is Meritol-metol, which is closely similar except that 
pyrocateclun replaces glycin. 

Netol 52 grs. (6 gms,) 

Sodium sulphite (anhydr.) . 790 „ (90 gms.) 

Paraphenylene-diamine . . 88 „ (10 gms.) 

GJycin . . . . 44 „ (5 gms.) 

Water ..... 20 ozs. (1,000 c.c.) 

Development Time. — With minimum agitation, up to 25 
minutes at 65 0 F. for fastest films. Other films, 12 to 20 
minutes. 

Emulsion Speed. — About 65 per cent, of maximum. 

Exhaustion.— Each half -litre (17 J ozs.) will develop five 36- 
cxposure strips of 35-mm. film (200 to 250 sq. ins. of negative). 
Increase time about 6 per cent, for each length (50 sq. Ins.) 
after the first. 

Grain. — Fine and even after developer has been used, but 
coarser with unused developer. To avoid this, add about 20 
per cent, of old used developer to each batch made up ; de- 
velopment times above allow for this. For fresh developer, 
reduce time by 25 per cent., or alternatively add 5 grs. (0.5 
Km.) of potassium thiocyanate to the above formula. But 
this addition, or the inclusion of old developer, involves a 
further loss of emulsion speed. 

Cliamfilin IS. — Produced by an American, Harry Champ- 
lin, this has been stated to require half the exposure necessary 
foi D.76 while giving very fine grain indeed. Independent 
measurements have more recently shown it not to live up to 
these claims in the matter of emulsion speed, though it is in 
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other respects an admirable; developer. For all its elabora- 
tion, its behaviour, both in the matter of grain and emulsion- 
speed, is practically identical with that of Edwal 13. 



Water . 


20 ozs. 


(l.OOQ C.C.) 


Pyro . » • 


3i grs. 


(3 5 g ms -) 


sodium sulphite (antryar.) 


53° .. 


[00 gms.j 


Benzoic acid .... 




[X'-a gms.) 


Salicylic acid. , , 


*9 ■ 


(o- =i cms.) 


Boric acid .... 




(3-5 gms.) 


.Tannic acid .... 


9 „ 


(I gm.) 


Glycin . 


100 grs. 


(n-5 gms.) 


Paraphcnyleac-diamine . 


100 „ 


(n-5 gms.) 


Isopropyl alcohol 97 per cent. 


1 oz. 


(50 c,c) 


Nickel ammonium sulphate 


9 grs. 


[1 ) 



The precipitate formed on the addition of the last ingredient 
must be filtered out. 

Development Time. — With moderate agitation, 18 minutes 
at 73 0 F. for the fastest films. 

Emulsion Speed. — Averages 59 per cent, of that with D.76. 

Exhaustion. — Each half-litre (17 J ozs.) will develop four 
36-exposurc rolls of 35-inm. film (200 sq. ins. of negative). 
Increase time by 3 minutes for each film after the first. 

Keeping Properties. — Can be stored for prolonged periods 
without deterioration. 

M eritol Developers. 

As already stated, Meritol is an addition-compound of 
paxaphenylenc-diamine and pyrocatechin in molecular pro- 
portions. For the fineness of grain that it gives, the emulsion 
speed is higher than with the majority of fine-grain developers. 
The fundamental formula is : — - 

Meritol .... 140 grs. (16 gms.) 

Sodium sulphite (anhydr.) , Soo ,, (90 gms.) 
Water ..... 20 ozs. (1,000 c.c) 

This formula is closely akin to Seasc III, in which glycin 
replaces the pyrocatechin. 

Development Time.— With frequent agitation, 30 minutes at 
65° F. for the fastest films. 

Emulsion Speed,— About 60 to 70 per cent, of that obtained 
with D.7O. 

Exhaustion. — Each half-litre (17 J- ozs.) may safely be used to 
develop two 36-exposure lengths of 35-mm. fiim (ioo sq. ins, of 
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negative). When nearly exhausted this developer takes on 
the characteristics of plain para ph en vie nc -diamine, requiring 
very prolonged development time and considerable extra 



Grain,— Very fine and even — certainly not less so than with 
Seasc III. 

Merirol-Meiol. — To reduce the development time and 
improve the exhaustion characteristics of the plain Meritol 
developer, metol is now usually added. For the fineness of 
grain that it gives, this developer appears to involve less loss 
of film-speed than almost any other. The official formula 
is : — 

Mefcoj . ... 20 grs. (2-3 gms.) 
Meritol . . . 120 ,, (13-7 gms.) 
Sodium sulphite fanhydr.) . 800 „ (90 gms.) 
Water 20 ozs. (1,000 c.c.) 

Development Time. — With frequent agitation, 16 minutes at 
65 3 F, for the fastest films. 

Emulsion Speed.— -Well over 70 per cent, of that obtained 
with D.76. 

Exhaustion. — Each half-litre ( 1 7 A ozs.) will develop four 
36-exposure strips of 35-mm. film (200 sq. ins. of negative). 
Increase time about 15 per cent, for each strip (50 scp ins.) 
after the first. 

Grain.— Hardly less fine than that given by plain Meritol. 

M.C.M. 100 — The " Miniature Camera Magazine " lias 
sponsored a variation of the plain Meritol developer in which 
a little alkali is included to speed up development, and to 
increase emulsion-speed a little at the cost of slightly coarser 
grain. 

The formula is 

Sodium sulphite (anhydr.) . 765 grs. (S3 gms.) 
Meritol . . , 140 „ (l6gms.) 



Potassium bromide . . - „ (0-2 gm.) 
Water to . . .20 ozs. (r,ooo c.c.) 

Keeping Properties.— Unchanged up to six months if 
properly stored. 

Development Time. — 16-20 minutes at 70° F. for the fastest 
films. Amount of agitation for which this time is recom- 
mended oot stated. 




Borax 

Tribasic sodium phosphate 



20 „ (2-3 gms.) 
00 „ (fry gms.) 
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Emulsion Speed. — Not less than 70 per cent, of maximum 
for fresh developer. 

Exhaustion.— Each half-litre {17I ozs.) is said to develop 
six 36-exposure lengths of cine film (about 300 sq. ins. of 
negative). First two lengths time its stated, alter which 
time should be increased by 10 per cent, for eacli film. 

Diluting Fine-Grain Developers To avoid the variation 

of development time and other uncertainties brought about 
by using the same solution repeatedly, some workers dilute a 
fine-grain developer, use it once, and then discard it. The 
diluted developers generally give a slightly coarser grain, but 
the difference is not large. Care must be taken not to be too 
economical ; the quantity of undiluted developer used must 
be sufficient for the work it has to do. 

Development time is not proportional to dilution with fine- 
grain developers ; eacli formula has to be experimented with 
individually. Dduted to ten times the usual volume, the 
time with M.C.M. 100 or Champlin 15 has to be trebled ; with 
Edival 12 it has only to be doubled, With Mcritol-metol or 
M.C.M. 100 diluted to about four to five times normal volume, 
develop for double time. 

Two-Bath Development. 

For subjects of high contrast, into which class most artificial 
light work falls, a two-bath developer has special claims to 
attention. The principle is simply a variation of the old 
water-bath development. The film is partly developed in a 
low-alkali developer, and then transferred, without washing, 
to a solution of an alkali. In this the developer carried over 
in the film is quickly exhausted in the highlights, but con- 
tinues to work in the shadows until it diffuses away (about 
3 minutes.) In this way full shadow detail is obtained without 
blocking the highlights. For many subjects the deformation 
of the characteristic curve to which this behaviour corresponds 
is distinctly helpful. 

A characteristic of this type of developer is that it is remark- 
ably insensitive to changes in development time, owing to 
the fact that the extent of development in the second bath is 
limited. A full discussion of the method will be found in 
/. Soc. Motion Picture Engineers, July, 1933, where it is 
pointed out that it is desirable (at all events for bulk work) 
to devise the developers to suit the film to be used and the 
value of gamma required, 
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A general purpose dcrctopcr issued by Leitz Ltd., for 
amateur use is as follows 

A. Metal . , . .45 grs. (5 gms.) 
Sodium sulphite (anliydr.) SSo ,, (100 (;ms.) 
Water to . . . 20 ozs. (1,000 c.c.) 

B. Borax .... 88 grs. (10 gms.) 
Water to ... 20 ozs. (1,000 c.c.) 

Keeping Properties, — Excellent. 

Development Time. — Medium speed Finis (26 0 Sell.) . ( 
minutes, fastest films up to 10 minutes, in A at OiT., then 
transfer, without washing, to B for 3 minutes. Time in B is 
not critical. 

£xkawiim.—i Bath A can be used repeatedly without 
appreciable change, taking at least eighteen 30-exposure 
strips of 35 -mm. film (goo sq. ins. of negative) per half-litre 
(17.* ozs.) before rate of development or emulsion speed 
changes seriously. Bath B deteriorates more rapidly, the 
extent of deterioration depending on the amount of A carried 
over. For tank work, probably three strips (150 sq. ins. of 
negative) would represent the desirable limit of use. 

Gra in. —Owing to the low alkalinity of bath A, and the 
fact that grain is most noticeable in the lighter half-tones, 
grain is slightly better than that given by D.76. 

Emulsion Speed.— Claimed to be even a fraction higher than 
with D.76 — and is quite certainly no lower. 

Symon Tn-o-Bntfi Developer — This formula is an application 
of the underlying principles of the DK20 developer (q.v. 
above) to the two-hath system. At the cost of a little cmulstoii- 
speed, this allows the advantages of fine -grain and two -bath 
development to be combined, and is thus an especially useful 
formula for high-contrast subjects. 

A, Water (at 1.23? F.) .15 02s. (750 c.c.) 

iodium sulphite (anhydr.) . 880 , (100 gms.) 

Potass, thiocyauate . . 9 it (1 gin.) 

Potass, bromide. , . 4] ,, (o.g gm.) 

Cold water to . , . 20 ozs. (t, 000 c.c.) 
Stocfr B. 

Kodalk . . . .176 grs. (>o gms.) 

Water to . . . .20 ozs. (1,000 c.c.) 
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Fur use, dilute i part of Stock B with g times its volume of 
water. Discard after using far one film. 

Ivecping I'yopfvtics .—Excellent . 

Development Time. — For a gamma of 0.7, develop in A at 
65° F. for times ranging from 6 minutes for a line -grain con- 
trast^ film of speed about 27" Sch. to 15 mins. for a fast slow- 
developing film of speed 31' to 32" Sch. Transfer to bath 
B for 3 1 mins. in every case. 

Exhaustion. — Each litre of bath A will develop some 20 
36-exposure films, or each 20 oz. some 10 films. (7,000 sq. 
cms. per litre, or 600 sq. ins. per pint.) To keep development 
times constant, it is recommended to add a sniall amount 
of replenishes after the development of each film. 

A Bath lieplenishcr. 

Water (125 0 F.) 7I ozs. (300 c.C.) 

Metol 33 grs. (3 gms.) 

Sodium sulphite (anhydr.) . 440 ,, (40 gms.) 

Potass, thiocyanate . 22 (1 gms.) 

Cold water to make , .10 ozs. (400 C.C.) 

If 1 litre (35 oz.) of A is set aside for the development of 20 
films, after each is developed the used bath is returned to the 
unused portion of the litre of solution, and 30 c.c. of the 
rcplenisher is added. 

If 1 pint (20 oz.) is set aside for the development of 10 or 11 
films, the same procedure is used, the amount of replenishcr 
added being now 5 drachms. 

Grant. — Similar to D.K.20. 

Emulsion Speed. — Similar to D.K.20. 

Merited -Caustic. — A two-hath developer in which prac- 
tically no development takes place in the first bath, so giving 
an enhanced " two4xith effect," with full development of 
shadow detail rind heavily curtailed development of the high- 
lights. It is particularly valuable for stage scenes and other 
Subjects of exceptionally high contrast. As the extent of 
development is almost entirely controlled by the quantity of 
developing agent carried over in the lilm into the second bath, 
the only useful control of overall contrast is by variation of the 
concentration of Merit ol in the first bath. 
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For .in average film, the following is suitable :— « 
A. Meril.nl ■ 60 grs. " (7 f;ms,i 

Snd. sulphite (auhydr.t . 3^-1 '.. (40 mus.) 

Water to . . . jo nzs. (1,000 c.e.) 

E. Caustic soda, io n 0 . . t | oz (40 c.c.) 

Water to i ( j |( ( soo c e .) 

The proportions erf the H hath an- l>y no means critical. 

For a slow-developing fttm, the ouautily of Meritnl may 
be increased to 00 gr. (10 jjms.). or for a* more rapidly -de- 
veloping film, it may be reduced to 45 gr. (3 gars,}. 

The film is immersed in A for 3 minutes Taj 63 P\. and then, 
without washing, transferred to 11 for - to 3 minutes, and 
thence to a hardening stop-hath Uj :<•.). 

The B bath must be made up at the time of use, and dis- 
carded the same day. The A hath mav be kept in use for 
prolonged periods. 

Grain. — Not very line : may be coarser than D.76. 

Emulsion Sj>ct fl.~ Considerable increase in speed has been 
claimed, but not fully substantiated. Compared with plain 
Merited or M.C.M.Ioa there is a considerable gain, but even 
so speed, except perhaps at low values of gamma, probably 
does not exceed that obtained with J). 70. 

Physical Development, 

In the ordinary process of " chemical " or " alkaline " 
development, the silver forming the image is derived from 
the silver compounds present in the emulsion itself (see 
Development) . In physical development, on the other 
hand, the silver is deposited from the developing solution. 

The developer consists of a solution containing a silver salt 
and a reducing agent, and is so balanced that silver is just on 
the verge of being thrown down. If this solution is brought 
into contact in suitable conditions with an exposed film, the 
silver is preferentially deposited on the parts of the film that 
have been acted on by light. The grain of an image so formed 
is exceptionally fine, as the tendency for the grains to " clump " 
is much smaller than in chemical development. 

In early efforts at physical development it was found that 
very full exposure (up to five or ten times normal) was needed, 
but Dr. A. F. Odell. of America, found that by giving the film a 
preliminary treatment with potassium iodide solution this 
extra exposure was no longer needed. His methods have 
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recently been modified .1 little l>y tlie late P. K. Turner, the 
leading English exponent of physical development, and the 
following data are abbreviated from his book, " Processing 
Miniature Films," to which reference should be made for more 
detailed working instructions. 

F or chat h. 

Sodium sulphite (anhydr.) . 320 grs. (25 gms.) 

Potassium iodide . . 38 „ (ro gms.) 

Water to . . .20 ozs. {1,000 c.c.) 

Silver Solution. 

Sodium sulphite (anhydr.) . 550 grs. (62-5 gms.) 
Silver nitrate . . . 140 „ (16 gms.) 

Hypo 1,370 ,, (15C gms.) 

Water to . . .20 ozs. (1,000 c.c.) 

Dissolve the sulphite in half the water. Next dissolve the 
silver nitrate in 2 ozs. (Go c.c.) of water, and add the sulphite 
solution to it slowly, with stirring. A precipitate will form, 
but will redissolve before all the sulphite is added. When 
clear, add the hypo and make up to final bulk with water. 

Exciter. 

Metol ..... 140 grs. (16 gms.) 

Hydroquinone . . . 2S0 ,, (32 gms.) 

Sodium sulphite (anhydr.) . 550 „ (62-5 gms.) 

Caustic soda .... 280 „ (32 gms.) 

Water to . . .20 ozs. (1,000 c.c.) 

Dissolve in order, adding the caustic soda, dissolved in about 
3 ozs. (150 c.c.) of water, last of all. 

Method of Use. — Immerse film in forebath for 3 minutes, 
then rinse in two changes of water. Transfer to a developer 
made up as fallows : — 

Silver solution . . 4 ozs. (1,000 c.c.) 

Water . , . . 16 „ (400 c.c.) 

Exciter. . . . 200 minims (10 c.c.) 

This developer must be mixed only when wanted ; it must 
be poured into the tank within 10 minutes at most of adding 
the exciter. The amount of the latter must be precisely 
measured, as the quantity of exciter entirely controls the rate 
of development. 

Development Time.— 30 minutes at 65 0 F. with the fastest 
films. 
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Keeping Properties,— The separate solutions keep almost 
indefinitely. 

Emulsion Speed.— Threshold speed, as found by DIN or 
Schemer measurements, is usually reduced a good deal ■ 
H. & D. speed practically unchanged (see Sensitometry). 

Exhaustion— The forebath can be used up to eight or ten 
times, but the mixed developer is useless within an hour of 
adding the exciter. 

Special Precautions. — Any metal in the tank must be 
covered over with wax, celluloid varnish, or other waterproof 
film, or it will be silver plated. Fixation is slow ■ a fresh 
bath of 25 per cent, hypo is' recommended. 

Finely-divided silver is deposited on the reel and the walls 
of the tank. Tins can be dissolved off by the following 
cleanser : — 

Potassium bichromate . . 220 grs. (25 gms.) 

Sulphuric acid (cone.) . . 44 o „ (50 gm s!) 

Water to . . .30 ozs. (1,000 c.c.) 

Add the acid slowly to the bichromate solution. This 
may be used as long as it continues to clean the tank. 

If the film appears fogged, check for the presence of a 
deposit of loose silver by swabbing one end of it with a plug 
of cotton-wool. If any black deposit is wiped off by this, 
treat the film for a few moments with 1 part of the above 
cleanser in 20 parts of water. Too prolonged treatment, or 
too concentrated a solution, wid attack the image. 

Dye Development. 

It has several times been suggested that grain could be 
largely eliminated by making use of a developer that dyes the 
gelatine in proportion to the amount of image formed, the 
silver image being dissolved away during or after fixation 
This method is akin to that used in making the Kodachrome 
and Agfacolor transparencies, the final image of which consists 
entirely of dyes. These arc of very fine grain indeed, but it 
seems probable that the fineness of grain is due much more to 
the use of reversal processing than to dye- development. 

Thioindoxyl is a developer leaving a red dye which might 
be suitable for this application. 

Detailed formula; for coupler developers, in which the 
by-product of development is not itself coloured, but combines 
with a non-staining material already in the developer to give a 
dye-image, have been issued in America (American Photo- 
graphy, 33, 3 (1939} p. 161.) The developer used, which is 

310 



Finger- Print Photography 



primarily intended for developing the three positives for three- 
colour printing, is as follows :— 



Sodium carbonate (anhydr,) . . 34 gms. 
Sodium sulphite (anhydr.) . . 20 gms. 
2-amino-5-diethylaminotoluene monoliyd.ro- 

chloride . . . . . 0,5 gm. 
Potassium bromide .... 0.6 gm. 
Water to 1,000 c.C. 

If a yellow Image is required, add, to each 250 c.c. of the 
above solution, 0.5 gm, of acetoacetanilide ; for a blue-green 
image, add 0.1 gm. of 2—4 dichloro- cc-naphthol ; or for a 
magenta image add 0.05 gm. of /j-nitrophenylacetonitrilc, the 
added chemical being first dissolved in 5 c.c. of acetone. The 
silver image can he removed, after fixation and thorough 
washing, in Farmer's reducer. 

It must be added that in the present state of knowledge 
of the application of such developers to ordinary negatives, 
any use of these or similar formulae must be regarded as 
experimental. 

Finger- Print Photography. The great use to which photo- 
graphs of finger-prints have been put in many important cases 
has caused a considerable amount of attention to be devoted 
to this branch of work. The criminal investigation depart- 
ments of most countries arc noiv equipped with ever)' facility 
for making finger-print records of criminals and " suspects," 
and for producing photographic enlargements for reference. 
The taking of a photograph of a faint impression of a finger 
on some object touched by a criminal or other person is an 
undertaking requiring considerable technical knowledge. The 
following methods will be of service when photographing 
finger-prints made upon different surfaces : — 

(a) On light surfaces such as china plates ; dust on (dry) 
very fine graphite powder ; blow off with bellows, etc., not 
willi breath. The " dusting-on " is best effected by charging 
a heavy, flat-ended camel's-hair brush with the powder, holding 
it near the surface and jerking it by a blow on the hand which 
is holding it. 

(b) On dark surfaces, such as the black or green paint of a 
safe, mahogany furniture, etc. ; treat similarly, using fine, 
dry white- lead powder. 



(c) " Invisible " finger-prints on paper. Develop with 
aqueous solution of silver nitrate (5 to 8 per cent.). 
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A useful work on the subject of finger-print photography 
is " Finger Prints," by Oliver Cromwell, published by Elliott 
Stock. (Out of print.) 

Fingers, Stains on, To Remove, See Skin, Effects of 

ClIEMrCALS ON. 

Finishing Prints. See Bromide Prints, SpoTTiNtt. 
Dope and On, Reinforcement. Also Colouring Photographs 
and Air Brush, 

Fish Glue Process. See Photo -Mechanic ai. Processes. 

Fixatif, or Varnish for Prints. See Varnish. 

Fixed Focus. Term applied to cameras (or lenses) devoid 
of focusing adjustment. As any such camera may be called 
upon to produce photographs of either views or groups, the 
focusing is actually set by the makers at the hyperfocal 
distance (7. p.). Objects are then sufficiently sharp from 
half this distance to the horizon, A fixed setting such as this 
is only satisfactory m practice when the hyperfocal distance 
is small enough for it to be unlikely that the user of the camera 
would wish to approach more nearly to his subject than half 
this distance. 

A small hyperfocal distance requires either a small stop or 
a short focal length, or both. Fixed focus is therefore mainly 
restricted («) to cheap cameras, usually of box type, in which 
the aperture of the lens is about //n, (b) to inexpensive 
miniature cameras using a lens of focal length round about 
2 ins., and having an aperture up to about fj6, and (c) to cine 
cameras, in which the focal length of the lens may be as Uttle 
as half an inch (8 mm. size). In the last case a very large- 
stop may be used with satisfaction. With 16 mm. cameras a 
fixed focus lens is generally used for lenses of maximum 
aperture np to fjy 5 , but for faster lenses a focusing move- 
ment is in most cases fitted. 

For formula and further details, see Hyperfocal Distance. 

Fixed-Focus Telcplwto Lens. — In this special case the term 
" fixed focus " does not mean that the lens cannot be focused, 
but that it has one unalterable focal length, and cannot be 
adjusted to give varying degrees of magnification. (See 
Telephoto Lens.) 

Fixing. The removal of any sensitive substance not 
acted upon by light or by the developer, thus rendcriug the 
negative or print unalterable by further action of light. 
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For all negatives, and for prints on paper the sensitivity of 
which is due to compounds of silver, the fixing agent in- 
variably used is a solution of sodium thiosulpliate, familiarly 
known to all photographers as " hypo." This universal 
term is an abbreviation of " hyposulphite of soda," the 
name by which hypo was known in a now long obsolete 
system of chemical nomenclature. Substances other than 
hypo, including potassium cyanide, have been suggested in 
the past as fixing agents, but none is as cheap, as efficacious, 
as convenient, and as non-poisonous us hypo. 

Fixing is carried out by leaving the developed print or 
negative in a solution ol hypo of concentration about 20 per 
cent., or 4 ozs. to the pint, until all silver compounds are 
dissolved away, or, more correctly, converted into soluble 
compounds that can be removed in the subsequent washing. 
To prevent staining due to the oxidation of developer, it is 
now almost invariable practice to add an acid to the bath. 
As hypo is very readily decomposed by any but a weal; acid, 
sulphurous acid, either in the form of an acidified solution of 
sodium sulphite, or as bisulphite or mctabisulphite, is employed. 
An addition of potassium metabisulphite to the extent of about 
2-1 percent. ( lnz. per 20 ozs.) is usual (see A< in Fixing). It 
should bo noted that for print-out papers, including self- 
toning papers, the fixing batli must no! be acid , a 10 per cent, 
solution of hypo in which is added a few drops nf ammonia or 
a pinch of sodium biearlinnnte is desirable for these papers. 

The strength of the hypo-bath is not critical ; since the 
action proceeds to completion in any case, a weaker bath 
may be used provided longer time is allowed for its action. 
Too strong a bath, however, is not advised ; it leads rather 
readily to reticulation, frilling, and other damage to the 
gelatine, and offers but little compensation as regards quicker 
fixing. A very concentrated solution in fact fixes more slowly 
than a more dilute one, and 30 per cent. (6 ozs. to the pint) 
may be regarded as the upper useful limit of concentration. 

In the U.S.A. a hardening fixing bath, containing chrome 
or potash alum as the hardening agent, is now almost uni- 
versally used for all purposes. Chrome alum baths are 
inconvenient, for they lose their hardening properties rapidly 
on standing, whether used or unused. Potash alum baths 
have the disadvantage that their use greatly increases the 
retention n( hypo by the lilm. particularly in the ease of 
negatives. This effect can !>c reduced by keeping the acidity 
of the bath low, in which case the hardening power is speedily 
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lost and the bath may deposit a sludge in use. With prints 
this effect in nut important, hut with negatives the* use of a 
potash alum uath nf hiejh acidity [^H^.j-i) may increase the 
necessary washing period l>y as iihil-1i as nine times as 
compared with a simple acid fixer of /)H = 5 0. (Sec also 
Hardening Fixer.) 

Although an alkaline or neutral fixing hath does not attack 
the image unless air has access to the print or negative at the 
same time, if part of a negative is allowed to project above the 
surface of the hypo solution, ail the exposed part will be reduced, 
the reduction being greatest along the line marked out by 
the surface of the liquid. Any acid fixing bath, however, will 
tend to attack the image if immersion is prolonged beyond 
the time strictly necessary for adequate fixation, the reduction 
being most noticeable in the lighter parts of the image. In an 
exceptional case, these may disappear altogether in half 
an hour or so, especially if the image is of very fine grain. 
Special care should, therefore, be taken in connection with 
fine-grain films and with fine-grained (warm-tone) images on 
printing paper. 

Hypo dissolves rather slowly in cold water, and cools the 
water considerably in the process. As it is not decomposed 
by heat, the solution is best made by pouring hot water, in 
which it dissolves very rapidly, straight on to the crystals. 
The cooling that accompanies solution enables the bith to 
be ready for use in a very short time. 

Fixing Negatives. — Fixation is not complete for some few 
minutes after the negative has become clear and free from the 
milky appearance that shows the presence of unused silver 
salts; The old rule tlrat it should be left in the bath for a 
total time twice as long as it takes to clear is a good guide, 
though in a fresh bath it will be fixed before tliis, and in a 
stale bath, though it may clear, it may never be fully fixed 
however long it is left. All valuable negatives should be 
given a. few minutes in a second, unused, hypo bath before 
being put to wash. 

Fixing Prinis.~lt has been shown that a bromide print is 
fully fixed within 30 seconds if kept moving in perfectly fresh 
hypo. On the other hand, if a pile of prints arc put in so that 
the solution cannot circulate between them, they may never 
fix at all. It is therefore meaningless to state a time for 
fixation unless the details of handling are also specified. In 
practice, if a print is turned over and over in the hypo for 
some 15 seconds, and then left for a few minutes, during which 
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it is brought into contact with fresh solution two or three 
times by turning over the pile of prints one by one, it may 
be regarded as being as fully fixed as the condition of the 
hypo-bath will allow. 

L.vhaitslwii of Fixer. 

After it has fixed a few prints, a hypo-bath becomes loaded 
with the silver it has taken up, and though it remains capable 
of dissolving out the bulk of the silver from anv new print 
put into it, it can no longer take out quite all. A pint (20 02.) 
of fixing bath should never be called upon to fix more than an 
absolute maximum of 300 sq.-ins., of film (equivalent to four 
8-exposure 2£ x 3£ spools) or 360 sq, ins. of paper (11 or 12 
ha If -plate prints) ; even after only this amount of use, tile 
residual silver will be readily detectable, and will lead to 
tinting of the whites in prints that are sulphide toned. Where 
the highest standard of permanence is required, as for per- 
manent records, the area of sensitive material fixed must be 
drastically cut down ; each pint of fixer should then not be 
called upon to fix more than 24 sq. ins. of film (three z| X 3^ 
negatives) ; for an 8-exposure spool at least Go ox. of fixer 
should be used, and then discarded. For prints of the same 
standard of permanence, only 60 sq. ins. (two half-plate 
prints) may be fixed in each pint. 

Two-Bath Fixing. 

Complete elimination of the silver salts can be much more 
economically attained by keeping the fixer in use very much 
longer than the above figures suggest, and then backing it up 
with a second, fresh, bath which is still capable of removing 
the last traces of silver. This bath, receiving only prints 
already freed of most of their silver, can be used for a good 
many lilms or prints, and when uo longer fresh enough to carry 
fixation to completion may very vi^ll he Li.se d as the first bath. 

Working in this way, a pint (20 ozs.) of the first bath can fix, 
as a maximum, Soo sy. ins. of film (ten or eleven S-cxposure, 
2 i X 3i spools) or 2,500 sq. ins. of paper (75 to 80 half-plate 
prints), or, for the highest permanence, up to .|8o sq. ins. of 
film (six S-expoi-urc i\ X 3 \ spools) or S.)0 sq. ins, of paper 
(27 half-plate prints). After this amount of use it should be 
discarded, and the second bath moved up into its place : the 
amount or work this has already done is too small to affect 
the work it can do in its new role of first bath. A second bath 
of fresh hypo is of course brought into use. 
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Working in this way, tin- highest permanence is assured with 
an expenditure of hypo of little more than half thai nccrinl for 
just -passable fixation by the single bath method. To avoid 
tlic possibility of tin- image being attacked, and, where a 
hardener is used, to shorten washing times, the second bath 
should only be acidified, or have its hardener added, when it 
is moved up to take the place of the first bath. 

Test /or Exhaustion. 

A hypo -bath may be tested for exhaustion in several ways, 
of which the simplest is to add I part of a 4 per cent, solution 
of potassium Iodide to 10 parts of the used hypo bath. If there 
is formed a permanent yellow precipitate that will not dissolve 
on shaking, the bath contains too much silver to be capable 
of properly fixing either negatives or prints. 

(See Am) Fixing Bat it, Hardening Fixinc Bath, and 
Rapid Processing ; also Hypo Eliminators, Sodium 
TmosuLPiiATii, and Solutions, Making Up.) 

Flare. A fogged patch, generally circular or arch-shaped, on 
a developed plate. It is due to reflections within the lens by 
which an out-of -focus image of a naked light-or other brilliant 
high-light is formed. The resulting patch of fog is more 
usually at an equal distance from the centre of the negative, 
but on the opposite site. Often, however, flare may result 
from a light not actually included in the picture. It may 
take the form of a secondary image of the light itself, or may 
be an image of the diaphragm or part of the lens mount. With 
a coated lens [q.r.), ilare is unlikely to make its appearance 
except under the most difficult conditions. 

Flare not due to the design of the lens may sometimes arise 
from reflections at the edges of the mount or of the riiapliragm 
if these have worn bright. 

See also Examination of Lenses, under Lens. 

Flashbulb, A glass bulb containing aluminium foil or 
wire in an atmosphere of oxygen, and equipped with a fine 
fusible wire in contact with the aluminium. When an electric 
current from a battery is sent through the fine wire it becomes 
white hot and fires the inflammable material. The flash bulb 
is now widely used on account of its constancy, convenience, 
and absence of all flame, smoke or noise. For 'further details, 
see Flashgun. 

Flashbulbs, Exposures with. With an " open " flash 
using a simple synchroniser or opening the shutter by hand 
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just before firing the bulb, all the light emitted by the bulb is 
used and the duration of the flash itself determines the time of 
exposure. It remains in this case to adjust the stop to suit 
the distance of the flash from the subject and the speed of the 
film in use. 

When using a flashgun {q.v.) in conjunction with a fairly 
high shutter-spued, only part of the flash is used, and the 
stop required depends on the shutter-speed in use. It is 
always larger than is needed for an " open " flash. 

TIil' following table shows the stop needed for [a) an ordinary- 
small bulb and (6) a special " long-flash " bulb used for syn- 
chronising with focal-plane shutters. The stops are correct 
for a panchromatic film of daylight speed 27 0 Scii. or a 
" chrome " type Mm of 28' Sch. 
Shutter- 

Bidb. speed. 6 ft. 0 ft, 12 ft. iS ft. 24 ft. X 
■ flit /lit JI8 // 5 ,6 //,, 100 



[a) t /ioD //ii //8 // 4 f-.s 70 

1/400 ffl jis-b m sm m 5° 

"Open- //2 3 //iS f!i2. 5 fig f;6. 3 i 5 o 
1/200 fly fl 5 // 3 . 5 //2. 5 fa.? 42 

(b) 1/500 J 14. 5 /,3.2 J 1 1 . j — 28 

i/lOOO //j.2 //2.2 //I.5 — — If) 

The figures in the column headed " X " are guide- nu in bers ; 
by dividing these by the distance (in feet) between object and 
flash the stop to be used is given directly. 

For films of speed 3 o° Sch,, use one stop smaller throughout, 
or multiply the guide-number by 1.4. 

For films of speed 24 0 Sch., use one stop larger throughout, 
or divide the guide-number by 1.4. 

Flashed Opal.— Glass the body of which is clear, but of 
which one surface has opal (porcelain-like) characteristic ft 
Used as a diffuser in enlargers and for similar work. True 
opal glass (" pot opal "), which is of porcelain-like character 
throughout its whole mass, absorbs very much more light 
than flashed opal. 

Flashgun. A device by which the shutter of a camera is 
released so that it opens and closes again within the very 
brief period during which the light from a flash-bulb lasts. (See 
Flashbulh.) A sharp distinction should be drawn between 
the flash-gun and the simpler so-called " synchronisers " which 
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Flashgun 

open the shutter, set at " Bulb " or a slow snapshot speed, 
before the flash begins, and allow it to remain open till the 
flash is over. With these the duration of the exposure is that 
of the Hash (usually about i/30th sec. or more), whereas with 
the flashgun proper the shutter can be set at its highest speed 
with the assurance that the shutter will not open until the 
flash has been burning Ion™ enough to reach its maximum 
intensity, and will be closed again before it has begun to 
die away appreciably. The subject is thus illuminated by the 
full power of the flash during the whole of the time the shutter 
is open. 

The average flash-bulb reaches its maximum intensity some 
20 milliseconds after the circuit firing it is closed, and the 
average duration of the useful period of the flash, counted 
from the instant when it re ae lies half its maximum brightness 
until the instant when, after passing the maximum, it falls 
again to the same value, is some 15 milliseconds. It is into 
this period that the total time during which the shutter is open 
must befitted. 

With a bet wee 11- lens shutter set for any exposure less than 
x$ milliseconds (equals Atli sec. approx,) this is not very 
difiicult, provided that successive bulbs take the same time to 
reach maximum intensity. Matters are less easy when using 
a focal -plane shutter, as this does not expose the whole of the 
plate or iilm at the same instant. Even though no part of 
the film receives more than 5 or 10 milliseconds of exposure, the 
total time, from the coin men cement of the exposure at one 
end of the film to its conclusion at the other, may considerably 
exceed the useful duration of the Hash. This is made known 
in the negative by a variation of density in the direction of 
movement of the shutter. It can be avoided by using fairly 
high shutter-speeds (from 5 milliseconds downwards) and is 
lessened by using as high a spring-tension as possible. 

Focal-plane shutters can be well synchronised with the 
Sash on small cameras, in which the blind has not far to travel. 
With large cameras (e.g., g x 12 cms.) the total time of ex- 
posure, even with the shutter set to i,,V.ith sec, may be 30 to 
40 milliseconds, making synchronisation extremely difiicult, 
A special long-burning bulb, with a useful duration of over 
50 milliseconds, is used to solve the problem. 

Externally, a speed -gun takes the form of a box or casing 
that can Lie attached to the camera to make the whole a single 
unit. A holder, with reflector, to take the flash-bulb is in- 
corporated, A single trigger fixes the bulb and releases the 
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shutter, so that the actual taking of a photograph is no more 
difficult than it would be in full sunlight. 

Internally, the flash-gun contains a battery for firing the 
bulb, and means for completing the electrical circuit for tins 
and releasing the shutter in the right order and at a pre- 
determined time -interval that accurately allows for the 
time-lag in the responses of both bulb and shutter. Suitable 
adjustments are provided for adjusting this time-interval 
to suit various shutters and flash -bulbs of different types. 

The light from a flash-bulb is far more intense than it appears, 
for at short range it is practically equivalent to the full sun- 
light of a summer noon. To provide continuous lighting 
equivalent to the peak intensity of a moderately large flash- 
bulb, using ordinary ioo-watt lamps as used for normal room 
lighting, would require nearly 3,000 lamps, consuming more 
electric energy in an hour than the average household uses 
in a whole year. The flashbulb provides this tremendous volume 
of light for a time just long enough to allow the exposure to 
be made, and allows photographs to be taken o£ objects at 
distances up to 10 feet from the flash with exposures of n.V.oth 
sec. at about//4-5. 

With the light of this high intensity available whenever 
desired, the scope of photography, and particularly of high- 
speed photography, is enormously extended. Pictures may be 
successfully made indoors, or at night, of practically any sub- 
ject, moving or still. Dances, weddings, theatrical perform- 
ances (usually taken at a dress -rehearsal) and very many other 
subjects of a topical or semi topical type arc photographed 
daily by the Pressman with the aid of his flashgun. 

Lighting. The simplest method of lighting the subject 
is to use a single bulb in the holder of the flashgun itself. As 
this is necessarily attached to the camera, the lighting tends 
to be flat. By means of an extension wire, the bulb can be fired 
from a point away from the camera, but this tends to give 
extremely heavy shadows unless there is a light-coloured wall 
or other reflecting surface near the object. It is therefore, 
often found best to use a second bulb, fired at the same time 
as the first, to illuminate these shadows. 

Distance between flash and subject is a vitally important 
factor in determining the exposure required. If ls ] flrr th see. 
is correct at f/4 ■% when at a distance of 8 fri'l from tin: subject, 
a stop of //9 would be needed at 4 feet. At 20 feet the dia- 
phragm needed for the same shutter-speed would be/,'1-8. 
(Law of Inverse Squares, </.!'.) 

II 319 



Flashlight Flashpowder 

Synchro-StntligJU Photogra p/iy.— The technique of illumina- 
ting by a flash the foreground of a picture made in daylight, 
or even direct sunlight, lias recently been developed to a con- 
siderable extent in America. It is really based on the pro- 
fessional cinematographer's use of powerful arc-lights as 
auxiliaries when filming out of doors, a technique that has been 
widely used for a number of years. 

In using the daylight flash, it must not be forgotten that the 
illumination falls off very rapidly as the distance of the object 
from the camera increases, and the Hash ceases to be of much 
value when the main subject is more than some 20 feet from 
the camera. Synchro-sunlight technique is chiefly of use in 
connection with figure subjects, where it gives a well-lit figure 
against a much less well-lit background. (See also Artificial 
Light, and Flashlight.) 

For fuller information, refer to Pfioloflash in I'rarticc. by 
Geoffrey Gilbert . 

Flashlight. — General term* for illumination provided by 
the rapid combustion of flashpowder (q.v.) or of the contents 
of a flashbulb (</.v.). Applied also to the light produced by 
the very rapid discharge of a condenser through a bulb con- 
tr.iniug a gas, (Sec Spkedlaup). 

Flashpowder. — A powder burning rapidly and giving a 
brilliant light during combustion. Used as an "instan- 
taneous " source of artificial light, the technique of use being 
that of the " open flash',' where the shutter is first opened, the 
flash is next fired, and finally the shutter is closed again. The 
duration of the exposure is equal to the duration of the flash. 

A flash-powder is a mixture of magnesium (or aluminium) 
with another substance that provides the oxygen necessary 
for combustion. The mixture is explosive, and requires 
handling with considerable care, though it is not in the least 
dangerous if intelligent precautions are taken. It is usually 
fired by means of a Hash-lamp, in which the powder is held 
on a metal tray and ignited by a spark, an electric current, 
or by a fuse of guncotton, gunpowder, or touch-paper. 

In the " blow- through " lamp plain magnesium powder is 
blown through the liame of a spirit lamp by pneumatic means. 
The light is brilliant, and may be prolonged as desired, but it 
can hardly be called a Hash. This type of lamp is suitable 
for taking ill-lit interiors and other stationary subjects, and 
the fact that magnesium powder, unmixed with any other 
chemical, is perfectly safe to handle is a. point in its favour. 
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Use oj flash powder in place of pure magnesium in a blow- 
through lamp mill infallibly lead to an explosion. 

Those not at home with explosive mixtures will do best to 
buy their flash-powder ready made, as the process of mixing 
offers much more danger "than its use. Nevertheless the, 
following formula;, from F, J. Mortimer's " Magnesium Light 
Photography," may be of use to those who wish to prepare 
their ow n : — 

(1) Potassium nitrate, 1 part ; magnesium powder, 1 part. 

(2) Potassium nitrate, 3 parts ; potassium perchlorate, 
3 parts ; magnesium powder, 4 parts. 

These burn rapidly, and are less explosive than some 
formulae that have been published. 

A safe formula offered by Luniierc and Scyewetz is : — 
Magnesium powder, 1 parts ; potassium perchlorate, 1 part. 
Powder the perchlorate by itself, and mix with a card or feather. 
This mixture is specially adapted for use (with a special 
filter) with Autochrome plates, and may be used with 
satisfaction with any colour-sensitive material. 

A large, long, Jlash : — 

Magnesium powder . . 5 ozs. {180 gins.) 

Barium nitrate . . -j\ „ (270 gms.) 

Flowers of sulphur . 1 oz. {36 gms.) 

Beef suet \\ ozs. (63 gms.) 

Melt the suet, knead with the other ingredients, and place 
in metal saucers about 3 ins. in diameter. For crowds at 
night. Lasts about twenty seconds, and gives a light of 
20,000 candle power. , 

Quantities of flash powder or magnesium required, — The 
following table has been calculated from figures given in the 
" Ilford Manual," The quantities apply for a stop of //5'6 or 
//6'3 and a film of speed about eS° Sch. (the average " chrome " 
film) , They are correct for a fairly light room with walls not 
too far from the subject, and the proportional amount in- 
creases with distance to allow for the probable recession of 
reflecting surfaces. In the open, quantities should be at least 
doubled. When using pure magnesium (not a mixed powder) 
about half the quantities given will be required. Ribbon may 
be calculated by length ; of the ordinary ribbon, ^ in. wide, 
5 ins. weigh about 1 gr., or 20 cms. weigh about T \ of a gram. 

The output of light given by a flash powder is approximately 
100,000 lumen-seconds per grain of magnesium. 
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For fuller instruction on flashlight work, etc., see " Flash- 
light for ttic Amateur Photographer," by J. }, Curtis (N.P. 
Handbook No. 4). {See also Magnesium and Silhouette.) 

Flatness. A want of vigour and contrast in the negative 
and resulting prints, due to extreme under- or over-exposure, 
to under-development, or to fog. (Sec Development and 
Se.nsitometry.) 

Fluorescence. See Radiography. 

Fluorography.— Term applied to the photography, usually 
with a miniature camera, of a fluorescent screen on which is 
cast, by X-rays, a shadow image of some object placed between 
the source of X-rays and the screen. Preliminary examina- 
tions, for tuberculosis and other lung trou tiles, of large bodies 
of workpeople have been carried out in this way. 

Focal Aperture. See Aperture, Focal ; also Diaphragms. 

Focal Length, Focus, Equivalent Focal Length. The 

focal length, or equivalent focal length, of a lens is defined as 
the distance from the node 0/ emission (see Lexs), to the 
position at which the lens forms a sharp image of a distant 
object. The scale of the image is proportional to the focal 
length ; if one lens has a focal length twice that of another, 
the sizes of the images of a distant object will also he 111 the 
ratio of two to one in linear dimensions. 



The focus, or principal focus, of a lens is a point on the axis 
at which the image of a distant point, also on the axis of the 
lens, is formed. The term " focus " is, however, often used as 
a shorter synonym for " focal length," especially when 
speaking of a " short-focus " or " long-focus " lens. 

Finding Focal Length.- — The focal length of most modern 
lenses is engraved upon them, but the engraved figure is 
usually only nominal, and may be in error by five or more 
per cent. If an exact figure is required, the most direct pro- 
cedure is to locale the node of emission, and then measure the 
distance between it and the image of an object at infinity. 

For this, set up the lens, with its axis horizontal, on a 
support so mounted that it can rotate about a vertical pivot, 
arranging that the lens can be moved axially so that any part 
of it can be brought above the pivot. By trial and error, 
find a position of the lens such that the sharp image of a distant 
object does not move when the lens is turned slightly from 
side to side on the pivot. The node of emission of the lens is 
then exactly over the pivot, and the horizontal distance from 
this to the sharp image ol a distant object is equal to the true 
focal length. 

Second Method. — Fit the lens to a long-extention camera, 
focus a distant object, and mark the camera extension. Then 
focus sharply on a near object (preferably a ruler) and note, by 
holding a second ruler against the screen, the exact scale of 
the image. Note also the extension of the camera beyond the 
infinity position already found. If the linear scale o£ the 
image is i 'nth of that of the object, and the extra extension 
is .r, the true focal length of the lens is ji.v. The most accurate 
results are obtained by focusing the ruler at little dess than 
life size. 

Third Method. — If the camera will not focus near objects, 
and has no focusing screen, set up the camera at 7 to 10 feet 
from an object of measured length, focus it sharply and photo- 
graph it. Measure the exact distance of the object from the 
lens. On the negative, carefully measure the length of the 
image. If the length of the object is jj times that of its image, 
and the distance between lens and object is D, then : 

If focusing has been done by moving the lens bodily away 
from the film, the focal length is equal toD-Hfu + i). 

If focusing has been done by a rotating front cell, or by 
attaching a supplementary lens, the focal length, when 
focused on infinity, is equal to IJ-^j;. 

323 



Focal Length 

This method is not strictly accurate: unless D is measured 
from the node of the lens ; except with telephoto lenses, 
however, the en-or will be negligibly small if the measurement 
is made from the iris diaphragm. 

With a telephoto lens, photograph the test object at two 
known distances D t and D 2 from any arbitrary point on the 
lens, and find the scales of reduction. «, and ti 2 , of the resulting 
images. The true focal length is then (D, — D.)-^, — j;„j. 
This applies irrespective of the method of focusing used. 

Grubb's Method. — This again requires a camera with a 
focusing screen, on which must be made two marks, well 
apart, and equidistant from the centre. Measure the distance 
between them and call it r. Lay the camera, focused for 
infinity, on a sheet of paper, and swing the camera till the image 
of some casily-identilk'd distant object is exactly on one of the 
marks. Rule a line aa (see figure) along one edge of the 



C 




baseboard. Then swing the camera to bring the image of 
the same object on the second mark, and rule a second line 
bb, along the same edge of the baseboard. Then put the 
camera aside, and extend aa and bb till thev meet at C. Then 
(a) measure C with a protractor ; the focal length of the lens 
equals x ~ 2 tan (JC). 

Or (b) bisect the angle C to give the line Cf, and at right 
angles to this draw dc. ot length equal to ,r, so placed that its 
ends are on the lines aa and bb, as shown. Then CJ is equal 
to the focal length of the lens. 

Depth of Focus and Conjugate Foci arc discussed under their 
respective headings. 
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Focal- Plane Shutters. See Shutter, also Moving 
Oujects. 

Focal Plane, The. The plane in which the imago formed 
by the lens is sharp. 

Foclmctcr. An instrument, invented by M. Claudet, for 
determining the " chemical focus " (i.e., the focus for blue 
light) of a non-achromatic lens. It is described under Focus- 
ing gcAus (f/.i'.). 

Focus. Point on the optical axis to which a lens converges 
light parallel in thai axis. See also FOCAJ, ].t:nc.tii. 

Focus, Depth of. See DBPTB of Focus. 

Focusing. The operation of so setting the camera or lens 
as to ensure sharpness in the image of those parts of the 
subject required to be sharply rendered. 

Methods of Focusing.— 'Khz oldest method of focusing, which 
by many is stiil considered the most satisfactory, is by adjust- 
ing the distance between lens and sensitive surface. A method 
now very common is that of " front-cell focusing," in which 
the separation between the back of the lens and the sensitive 
surface is left fixed, and the focal length of the lens is shortened 
by screwing out the front glass (or combination). The 
mechanical simplicity offered by this scheme is heavily in its 
favour. For close-up subjects with fixed-extension cameras, 
focusing is done by the addition of " magnifiers " or positive 
supplementary lenses, which again shorten suitably the focal 
length of the lens, (See Supplementary Lenses.} 

Rack and Pinion Focusing. — Where the lens -panel is carried 
on an inner baseboard that can be moved relatively to the 
main baseboard to which the carrier for the plate or film is 
attached, as in most double-extension cameras, it is usual to 
provide a rack and pinion for controlling the movement of the 
inner baseboard. The front of many reflex cameras is also 
carried on racks, and is moved in and out for focusing by 
pinions turned by the focusing knob. Though rather coarse, 
this type of focusing allows a wide range of movement to be 
covered satisfactorily. 

Lever Focusing. — Is sometimes applied to single-extension 
cameras in which the lens-panel as a whole moves forward for 
focusing ; a considerable movement of the lever usually 
corresponds to a comparatively small movement of the 
lens -front. 
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Focusing by Helical Mount (Focusing Mot mi). —In many 
fixed-extension cameras, notably focal-plane (Press) cameras 
and those miniature cameras which follow them in funda- 
mental design, the lens is in a screw mount, by turning which 
it can be moved bodily forward by a sui'ueient amount for 
focusing ordinary subjects. (Distance not less than 3 ft. in 
some models, 5 or even 7 ft, in others). Since the scale is 
on the lens-mount itself, this type of focusing necessitates an 
accurate adjustment of the distance from lens -panel to sensitive 
surface. With the ordinary focusing mount the lens turns as 
it moves forward ; in a rectilinear focusing mount it does not. 
The latter, though less often seen, is preferable when a 
graduated filter (q.v.) or a lens-hood of non -circular form is 
in use, or when the shutter has to move forward with the lens. 

Front-cell Focusing.— This method, described above, is 
now used in the majority of the fixed -ex tension self-erecting 
cameras, which at present are the most popular type. In 
certain of the more expensive of these instruments a focusing 
mount, usually of the rectilinear type, moves both lens and 
shutter forward. 

Ensuring Sharp Focus. — Except for special purposes, the 
camera winch relied on visual focusing on a screen at the 
back of the camera is now defunct. Reflex cameras are 
visually focused, using an image thrown, via a mirror, on to a 
screen at the top of the camera. In a single-lens reflex, the 
lens used is that which will take the picture ; in a twin-lens 
reflex, a second lens matched to the taking lens is used. Most 
cameras rely on scale focusing (see Focusing Scale) in which 
the lens is adjusted by setting a pointer to a figure indicating 
the distance of the principal object. This distance may be 
estimated, or it may be measured by a foot-rule or by optical 
means (see Rangi: Finder), The term range-finder focusing 
is usually applied only to those cases where the camera has 
a " coupled " range finder, so budt that adjusting it to a given 
distance simultaneously focuses the lens on that distance. 
The term automatic focusing is occasionally used to describe 
cameras so equipped, (See Focusing Scale, Range Finder, 
Reflex Camera, Depth of Focus, Hvpkrfocal Distance! 
Fined Focus, Diaphragms, etc.) 

Focusing Cloth. A piece of black or red material, about a 
yard square, placed over the head and shouldcra of the photo- 
grapher and the back of the camera to exclude extraneous 
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light when examining the image on the focusing screen of a 

b- 1" e 1 1 J "- 1 '•'■.! 1 1 K'IYl . 

Focusing Glass, Focuser, or Focusing Magnifier. A 

small magnifying eye-piece, used to obtain microscopic sharp- 
ness of focus' upon" the ground-glass. Fitted as standard in 
the hood of all small re/lex cameras. 

Focusing Mount. Mount in which the lens is moved 
bodily forward by a screw tlrread for focusing. (See Focusing, 
Focusing Scale.) 

Focusing Scale. In all methods of focusing a forward 
movement o£ some part of the lens or camera is involved. 
A pointer on either fixed or moving member indicates, on a 
scale attached to the other, the distance on which the lens is 
focused at its various positions. A scale may be marked in 
feet, yards, or metres, the latter being used on cameras made 
for the Continental market, Host cameras for the English 
market are scaled in leet. 

Generally the distances marked on the scale are arbitrarily 
selected. A logical scale can be constructed by marking 
first infinity, next the hyperfocal distance, then integral 
submultiples (half, third, quarter, fifth, etc.), of the latter. 
(See Depth or Focus for the advantage of this system.) 

The Accuyacy Required. — If the lens (or the film) is dis- 
placed by a distance 5 from the point of true focus, an image 
that should be a point will blur out into a circle of confusion 
{q.v.) of diameter c, the relationship between the two being 
approximately 5 —- w , where n is the /-number of the stop 
in use. If c is allowed to rise to a value of about one-twelvc- 
lumdredth of the focal length of the lens, the image will he 
just noticeably unsharp, so that it is safe to say that the 
absolute maximum of error in lens-to-film distance that can 
be permitted is w/-f- 1200, where/ is the focal length of the lens. 
Thus with an //3 -5 lens of focal length 4^ ins., the scale requires 
tu 1» set and read with an accuracy of practically one- 
hundredth of an inch if sharp pictures tire to be relied upon. 
With the 2-inch //a lens not uncommon on miniatures, an 
error of about one three-hundredth of an inch will be sufficient 
to destroy sharpness. 

With rack and pinion focusing, in which the actual move- 
ment of the lens, unmapnificd, has to be followed on the scale, 
considerable difficulty is found in marking or reading the 
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scale with sufficient closeness. With lever focusing the 
position is somewhat eased, and where a focusing mount or 
front-cull focusing is used the peripheral movement is usually 
large compared with the forward movement. Using a mount 
which focuses to 5 ft. with a rotation of 32a 1 . a forward move- 
ment of a hundredth of an inch is indicated by a movement of 
io = , corresponding on a mount of i-in. radius to a scale- 
movement of nearly a quarter of an inch. This type of scale 
can therefore readily be adjusted with all the accuracy needed, 
even with ultra-fast lenses. It is easy to see why the rotary 
type of scale is almost universally used. 

Marking out a Scale. 
The following formula will enable a focusing scale to be 
constructed for any lens the focal length of which is known. 
If / = focal length of lens. 

!(= distance of object focused upon. 

d= distance, from the " Inf." setting, that the lens must 
move forward to focus on it, then 



Units must be the same for all three quantities. 
Example. — How far must a 3-in. lens be moved forward 
from " Inl" to focus on 20 ft. ? 

Here/=3 ins., tt =30 x 12 =240 ins. 

Therefore d= 3 -^- 3 =0 038 La. 
237 

This figure is for actual lens-movement ; if it is in a focusing 
mount so constructed that one inch of movement of the pointer 
round the scale corresponds to a tenth of an inch forward move- 
ment of the lens, it is evident that the position of the pointer 
when focused on 20 ft. will be 0 38 in. from the " Inf." mark. 
By carrying out the above simple calculation for a series of 
distances a complete focusing scale can be constructed. 

Note, however, that the formula pre-supposes an exact 
knowledge of the focal length of the lens. Engraved figures 
are often merely nominal, and not to be relied upon for con- 
structing a scale. Either the focal length must be accurately 
determined (see Focal Length) or else the scale must be 
constructed, as shown below, from the experimental deter- 
mination of two focusing-points. 

Filling in a Scale. — Where a camera already has a scale, but 
the distances marked are too widely spaced, or do not include 
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certain distances (e.g., the hyperfocal distance), tor which a 
specific mark is required, it is easiest to calculate the new 
distances from those already marked. The same procedure 
can be used to construct a complete scale if the focusing 
settings for two distances, conveniently infinity and one near 
distance, arc first found by careful experiment. 

From the formula above it is evident that the product 
d(ti— f] is the same (for any one lens) for all focusing distances, 
and it is also clear that a small error in the value of / will lead 
to only a negligible error in the product. Suppose that the 
infinity point and the setting for 5 ft. are known. The distance 
between them (d) may be measured in inches or millimetres 
along or round the scale, or, in the more usual case of a rotary 
scale, in degrees of rotation. If in turning the mount of a 
3-inch lens from " Inf." to 5 ft., it rotates through 180°, then 
(»-/) —■ (60-3) = 57 ins., and d[it-f)— 180 x 57 = 10,260. 
To find the setting, in degrees from the Infinity point, for any 
other distance, subtract the focal length from the distance in 
question- (in inches) and divide the result into. 10,260. For 
20 ft., therefore, the setting would be 10,260-7- (240-3) = 43-3 
degrees ; for 3 ft., it would be io,26o-r- (36-3H310Q degrees. 

It will be observed that in this procedure the relationship 
between rotation of the mount and its forward movement 
does not enter. This is desirable, as the relationship is not 
usually easy to measure with any accuracy. 

A fuller description of this procedure, together with many 
practical details of importance, will be found in two articles 
" Re-scaling a Miniature " (Amateur Photographer. October 
14th and 21st, 1942). 

Focusing Scale for Close-ups.— The calculation of the 
distances actually focused upon at various settings of the 
scale when using a supplementary lens will be found under 
Supplementary Lenses. 

Checking a Focusing Scale. — This is best done by photo- 
graphing an object at a known distance and including also a 
series of objects at other known distances. A convenient 
arrangement follows the Claudet " Focimcter," which con- 
sists of a series of cards, each bearing a number, and placed 
step-fashion one behind the other so that each is at a different 
distance from the lens. The scale is set to the precise measured 
distance of the middle card and a photograph is taken at the 
full aperture of the lens. If the middle card is the sharpest 
on the developed negative, the scale is correct ; if not, the 
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distance of the card shown sharpest indicates the distance 
upon which the lens was actually focused. A series of such 
tests at different distances can be used, if desired, to mark 
out a new and correct scale. {See also Focusing, and other 
references under that head.) 

Focusing Screen. A ground-glass upon which the image 
formed by the lens can be seen. The best glass to use for this 
purpose is obscured patent plate, obtained by grinding patent 
plate with very fine emery. To make a screen of ground -glass 
rather coarse emery powder (that sold as No. 100) should be 
made into a paste with water, and lightly rubbed over a piece 
of glass, using a small painter's muller, or any other con- 
venient iiat surface for grinding, till the surface begins to show- 
signs of abrasion, when the coarse emery should be completely 
washed off, and the finest " flour " emery obtainable used til] 
the glass is obscured enough. Two pieces of glass can be 
ground at the same time by fixing a small cork, or anything 
that will serve as a handle, on to one piece of glass with a 
piece of cobbler's wax or pitch, and using the one to grind 
the other. Should the focusing screen be accidentally broken, 
a piece of plain glass daubed over with putty, or coated with 
a paste of flour and water, or at a pinch a piece of tissue or 
tracing paper, may be used. 

Aicte to Foe using. — Oiling the screen renders the grain of 
the glass much less obtrusive. Or a better expedient still 
for use with a focusing magnilier is a microscope cover glass 
cemented to the ground surface of the screen with a drop of 
Canada balsam ; a small cross should be marked in pencil 
on tile ground surface before doing this, or slse, through the 
ready accommodation of the eye, this plan will prove a hind- 
rance rather than a help. Both the cross and image should 
be in focus together. The easiest way of determining when 
this has been achieved is to move the eye from side to side, 
or up and down ; if focusing is accurate, image and cross 
will remain in the same relative positions. If the cross appears 
to move over the image in the same direction as the eye, the 
camera -extension is too great ; if the movement is "in the 
opposite direction, it is too short. This method of focusing is 
only practicable if the camera is rigidly held on some support. 

Fog is the term applied to a deposit of silver not forming 
part of the true image. It can appear as an even deposit 
Over the whole of a negative or print, or as a streak or patch. 
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It is in practically every case due to exposing the negative or 
paper to an unsafe dark-room light, to leakage in the camera, 
or to some other incidental and unintentional source of light. 

The commonest cause of fog in modem practice is a camera 
that through some accident or defect is no longer light-tight. 
If the light enters the camera at a point remote from the 
film, fog is generally evenly distributed over the entire picture- 
area. Where the leak is near the film, fog may be expected 
to appear as a streak or patch covering only part of the 
negative. In this case it is usually easy to trace the leak by 
returning the film to the camera. The edge of the patch 
usually its most intense part, will indicate the point at which 
light entered. Note that the edge of the film (outside the 
picture-areu) will only be affected if the light-leak is behind 
the frame that delimits the pictures. 

A film evenly fogged, edges and all, indicates in almost 
every case that it has been exposed to white light, or an 
unsafe light, in the dark-room {see Dauk-Roqm ; Safe -Light). 
If so exposed only when partly developed, the image already 
developed up may actually be printed on the film itself, and 
on further development the resulting positive may swamp the 
original negative, so that the finished film shows a positive 
image. 

On prints, fog can also arise through using an unsafe light, 
and may appear (usually as a grey mottling most apparent 
towards the edges), if the paper is very stale or has been 
badly stored. 

Apart from these errors or accidents in manipulation, fog 
can occur from some other causes. If an under-exposed plate 
or film is developed for a prolonged period in the endeavour 
to coax out an image, chemical fog, due to the reduction by 
the developer of unexposed silver bromide, may occur. 
Although this could be prevented by adding potassium 
bromide to the developer, this addition tends to slow the 
plate, and so to defeat the purpose of the prolonged develop- 
ment ; in such a case it is best to develop only till the first 
signs of fog appear, and then fix the negative. 

Chemical fog is accentuated through using a wrongly- 
devised formula, containing too much sulphite or alkali, 
preparing it from impure materials — especially impure pyro- 
gallol — or through development at too high a temperature. 
Choice of developing agent also has an appreciable effect, 
amidol and metol being much less inclined to give rise to it 
than either hydro quinone or pyrogallol. 
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Aerial Fog. — This variety of fog arises when the developer 
is unduly exposed to air, and may become troublesome in the 
sec-saw development of films, or in developing films on a drum, 
for in either case the film, wet with developer, is freely ex- 
posed to air. Hydroquinone is more liable to give aerial 
fog than other developing agents, and developers containing 
it are best avoided when using the methods of development 
just mentioned. Two parts of either of the desensitizing 
dyes pinacryptol green or phenosafranine per million parts of 
developing solution will effectively cheek aerial fog, but in 
practice it is simpler to choose a developing agent, such as 
paraimnophenol, which does not give rise to fog of this 
character. 

Dichroic Fog — This is recognisable by the fact the it is 
coloured, and has not the same colour by reflected light that 
it has by transmitted light. The colour is a manifestation of 
fineness of grain, and the fog is formed by deposition of 
silver from a developing solution containing much sulphite or 
other solvent of silver halides. Dichroic fog can often be 
wiped off the wet film ; after drying, it can usually be removed 
by a brief rinse in a permanganate bath followed "by bisulphite 
treatment and thorough washing. 

Fog of all types, including a dichroic fog that docs not 
yield to the treatment mentioned above, is best removed by 
treatment with Farmer's reducer (see Reduction). 

Fog-Level, See The Characteristic Curve, under Sensi- 

TOIIETRY. 

Fogged Material. To Recover. Plates or films which 
have been accidentally fogged by exposure to light may be 
recovered by immersing in the following solution :— 

Chromic acid. . . .30 grs. (3-4 gms.) 

Potassium bromide , . 60 „ (6-8 gms.) 

Water to . . .10 ozs. (500 c.c.) 

or in 

Potassium bichromate . . 40 grs. (4^5 gms.) 

Hydrochloric acid . . 2 dims. (i2'j c.c.) 

Water . ... 10 ozs. (500 c.c.) 

Allow the plates to soak for 5 minutes, then wash thoroughly 
and dry. Conduct the operations in the dark-room. Spoilt 
plates restored in this manner need from five to ten times the 
normal exposure. The same treatment can be applied to 
fogged or stale bromide paper. (But see also Bromidk Paper.) 
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Foot Candle. — Illumination on a surface placed at a 
distance of one foot from a standard candle. One foot- 
candle is equal to 10-8 lux, or 10 8 candle-metres. (See 
Lum us, . LUX, Standard Candle, Candle Power. Also 
El i;c-j nit Light). 

Formaldehyde, or Formic Aldehyde. See Formalin. 

Formalin. The liquid sold under this name is a solution in 
water of formaldehyde, the gaseous aldehyde of formic acid ; 
this aldehyde having the composition of H.CHO, and the 
commercial solution usually contains 40 per cent. The 
solution of formaldehyde has such tendency to harden gelatine 
and make it insoluble that a film, whether on glass or on 
paper, can be made to resist the action of even boiling water 
by a soaking for 5 minutes in a mixture of 1 part of the com- 
mercial formalin with from 8 to 12 parts of water. It is 
seldom, however, that so strong a solution need be used, 1 part 
to 20 or 25 of water being sufficient for the prevention of 
frilling if 10 or 15 minutes is allowed ; moreover, the strong 
solution evolves irritating vapours, sometimes causes opales- 
cence of the film, and occasionally brings about a condition of 
extreme brittlencss or even a falling into dust. If negatives 
are soaked for 10 minutes in the weaker formalin solution as 
given above, after the final washing, the film may be surface- 
dried with blotting paper, and then completely dried in a few 
minutes before a lire, keeping it in movement while drying. 
A lantern slide similarly treated may be exhibited at once in 
the lantern without fear of the film melting. One disadvantage 
of using formalin is that subsequent intensification or re- 
duction becomes very difficult. 

Formalin is chiefly used for hardening prints preparatory to 
glazing [q.v .) ; if hardening is omitted they are very liable to 
stick to the glass. Being a powerful antiseptic, it is also some- 
times added to mounting pastes to prevent them from going 
sour. 

See also Sc hatch proof. 

Formulae, Chemical. See Equivalence, Chemical ; also 
Weights and Measures. 

F.F.A, See Film Pack Adapter. 

French Chalk. See Chalk, French. 
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Frilling. By this is mount the gelatine leaving the plates 
or film in folds or wrinkles. It usually begins at the edges, and 
occurs chiefly when fixing, but often during development or 
washing. It occurs more frequently with plates than with 
films, and is generally started by the warmth of the fingers 
as they hold the plate by its edges. It can also be due to 
allowing too forcible a stream of water to impinge upon the 
edge of a plate, or the use of an exceedingly strong or very 
alkaline developer, or by differing temperatures and densities 
between the developing, fixing, and washing fluids. The use 
of a hardening fixer (q.v.) may be relied upon to prevent frilling. 

Front-Cell Focusing. See Focusing. 

Fuming. The process of subjecting sensitive albumcniscd 
paper to the vapour of ammonia. It was claimed for this that 
it rendered the prints more brilliant, that the paper printed 
m ore rap i d 1 y , a n d t h at it f ac ili rate d t he ton i n g , (Sec Albumen- 
ised Paper.) 

Fuse. — Short length of readily fusible wire inserted in an 
electric circuit, its function being to melt, and so interrupt 
the current, if the current flowing should accidentally exceed 
some predetermined safe value. 

Fuse- wire is rated according to the maximum current it 
should lie used to carry ; a 5 -amp. fuse may be used in a 
circuit taking 5 amperes, but will melt if the current much 
exceeds this figure. Lamps and other electrical devices are 
rated, not by current, but by the power, in watts, that they 
consume, and the relationship between current and power 
depends on the voltage. The current taken by a lamp (or 
other device) is found by dividing the waLtage by the voltage 
of the mains ; a 1000-watt fire; connected to 230-volt mains 
draws a current of 1 000-^230 = 4-35 amperes. A 5 -am p. 
fuse would thus be suitable, provided no other equipment is to 
be connected to the same circuit at the same time as the lire. 

A 3-amp. fuse on a 220 volt circuit will permit 3 x 220 = 
OOo watts to be used ; to a circuit so fused it would be safe to 
connect two photollood bulbs (275 watts each, total 550 
watts} but if three such bulbs were used (total 825 watts) the 
fuse might lie expected to blow. 
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Gall. Sec Ox-Gall, 

Guttata of Iron Process. Set' Ink Pi:oct:ss. 

Galvanogrnphy, Photo-. A general term for processes in 
which a printing plate or block is produced by elcctrotyping 
on a photographic original. (See Photo-mechanical 

Process.) 

Gamma. A numerical measure of the extent to which a 
negative has been developed, indicating the proportion borne 
by the contrast of the negative to that of the subject on which 
it was exposed. (See Sexsitometry for a more detailed 
definition, See also Gradient.) 

Gumma Infinity, often written y a> is the gamma reached 
by any particular plate when development is indefinitely 
prolonged. The value attained depends to some extent on 
the developer used. (Sec Sensitometry.) 

Gaslight Paper. Under this name a variety of slow 
chloride paper — or a paper coated with a very stow gclatino- 
bromide emulsion, or a ehloro-bromide emulsion (see Chloho- 
bhomide and Bkomide Papers : also Emulsion) — has 
achieved a very popular position among modern printing 
processes. Gaslight papers are so called because they can 
be manipulated throughout in ordinary artificial Light, without 
the necessity of a dark-room. Being slow, they are intended 
for contact printing only. 

Practically every maker of bromide papers makes gaslight 
paper, which is supplied in cut sizes in packets. The packet 
of paper may be opened and the contents safely handled for 
the purpose of placing in the printing frame and developing 
in any room not too brightly lit with artificial light, provided 
that no direct light is allowed to fall on the paper. 

Exposure. 

The paper is placed in contact with the negative in the 
printing frame, and the exposure is made while holding the 
printing frame at a distance of G to [2 ins. from the light. 
Length of exposure varies with the density of the negative 
and the strength of the light. 
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As even a small error in the distance from the light at which 
the printing frame is held will make quite an appreciable 
difference to the ex- 
posure required (see , 

Inverse Squares, 
Law of} the dis- 
tance must be fixed 
in some way that 
will enable it to be 
repeated with ac- 
curacy. If printing 
is in progress in an 
ord i nary li vi ng -roo m 
it is not always easy 
to arrange this ; the 
sketch shows one 
simple method that 
has been found 
satisfactory' in prac- 
tice. 

The best and most economical means of finding the correct 
exposure is to cut a sheet of paper into slips, and by placing a 
piece across a representative part of the negative and exposing 
it in steps, to make trial exposures. For a preliminary test, if 
the photographer has no idea of the exposure likely to be 
required, a " doubling -up " series uf exposures should be given ; 
5, 10, 20 and 40 sees, at 12 inches from a 40- watt lamp may be 
tried. This slip should be developed for the lull time, fixed and 
examined. If all steps are too dark, try the same exposures at 
three times the original distance from the light ; if all arc too 
pale, halve the distance and make a new strip giving double the 
exposures (io, 20, ,\o and 80 sees.) Or replace the 40-watt 
lamp by one of 100 watts, and give the original exposures at 
7 ins. from it. 

If one of the steps on the test-atrip turns out to be of exactly 
the right depth, it is only necessary to give the corresponding 
exposure to a full sheet. If, however, one step is much too 
light and the next much too dark, as may happen with a very 
vigorous paper, a final test-strip using smaller exposure-steps 
may be needed to fix the exact exposure needed. 

If the preliminary test-strip shows too much or too little 
contrast, a fresh test must be made with paper of softer or 
more vigorous character. 

For prints after the first, a test-strip is hardly needed if the 



Gaslight Paper 

other negatives being printed are like the first in character. 
But in the end paper is saved if a test-strip is resorted to at 
once if there is any doubt cither as to the exposure or the 
correct grade of paper. 

When prints have to be done from various negatives an 
excellent plan is to classify them according to their density ; 
then, by exposing the thinnest one first, and yoin» progressively 
through them to the densest, the exposures can be very easily 
csti mated. 

If the negative to be printed from is denser on one side than 
on the other, the dense side should be brought more directly 
opposite the light, or the frame may be placed at an angle 
to it. Further exposure may be given to dense patches by 
waving a pocket torch, or even a lighted match, close to 
these particular parts of the negative either before or after the 
usual exposure. 

Other Light-Sources. Gaslight paper may be printed by any 
fairly powerful artificial light, or by the 'l if.' lit from burning 
magnesium ribbon. The Iljord Manual gives the following 
relative exposures for different light-sources : — 

.jo-watt gasfillcd bulb . . g sees, at 12 ins. 

Incandescent gas j sees, at 12 ins. 

Paraffin lamp (Duplex burner) . 30 sees, at (5 ins. 

High Pressure Spirit Lamp . 12 sees, at iS ins. 

Magnesium ribbon . . ij ins. at 30 ins, 

Speed 0/ Paper. Gaslight papers of different makes may 
have very different speeds, and the more contrasty papers arc 
in most cases slower than the softer papers of the same make. 
Although speed may vary considerably from batch to batch, 
the speed -figures under SeEED qv Printing Papers will give a 
goad idea of the relative sensitivity of different papers. 



Development. 

Development of gaslight papers is rapid, being complete in 
about 25 to 40 sees, at 65 0 F. with most brands. The makers 
instructions should be consulted an this point. The developer 
prescribed by the makers should in every case be used, as 
some gaslight papers are very sensitive to even slight varia- 
tions in the composition or strength of the developer. This is 
particularly the case with the more vigorous grades. 
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The following developer is typical, and may be used with 
success with many, but not all, of the papers on the market. 

Metol 15 grs. {1-75 gms.) 

Sodium sulphite {cryst) . . 440 ,, (50 gms.) 

Hydroquiuone . . . 60 „ (7 gms.) 

Sodium carbonate (cryst) . 660 ,, {75 gms.) 
Potassium bromide (10 per cent, 

solution) . . . 40 mins. (4-5 cc.) 

Water to , . .20 ozs. (1,000 ex.) 

This developer keeps indefinitely in a well-corked bottle, 
and is used undiluted. 

The amount of bromide determines the colour of the finished 
print. Too much produces greenish prints, and insufficient 
gives a blue-black with a tendency to fogged whites. If blue- 
black tones are required, the potassium bromide solution of the 
formula may be replaced by an equal volume of a -i per cent, 
solution of G-nitrobeuziminazol. The proprietary " developer 
improvers " act in a very similar way. The addition of 8 to 16 
parts of a I per cent, solution of potassium thiocyanate to each 
thousand parts of developer has also been recommended. 

The amount of sulphite should in no case exceed that given 
in the maker's formula for the paper in use, as excess of this 
constituent tends to cause a yellow stain similar in its nature 
to dichroic fog. 

The exposed paper should be placed face upwards in a clean 
developing dish and the developer flowed over it with a 
sweeping motion. The image should flash up very rapidly, 
and development should be complete in 20 to 30 sees., with 
normal exposure and at normal temperature. A careful 
watch should be kept for bubbles adhering to the print ; 
these should be broken with the tip of the finger. If develop- 
ment is not completed within 30 sees., unless the developer 
is exceedingly cold, or diluted, or additional bromide has 
been used, it may be taken for granted that the exposure has 
been insufficient. Nothing is gained by trying to force 
development. It merely conduces to fog through prolonged 
exposure to the light, or to yellowness from the developer. 

The same developer may be used for several prints in 
succession, so long as it remains free from discoloration. It 
should be returned to a measure after the development of 
each print, reads' to flow over the next one. When a number 
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of prints are being done, a little fresh developer should be 
added from time to time to keep up its bulk and energy. 

As soon as full detail is out in the print it should be rinsed 
for a second or two in clean water, and transferred at once to 
a stop-batb or an acid fixing bath. (Sec Acid Fixing Bath ; 
also Fixtng.) 

The fixing solution should, if possible, not be handled until 
all the developing is done, as even the minutest trace of hypo 
in the developer, or contact with hypo at any stage previous 
to fixing, will cause stains in the prints. Stains may also 
occur if the prints are allowed to rise above the surface of 
the hypo, or subsequent washing water. (See Stains,) 

Stains can also be caused by allowing the prints to lie one 
over the other, particularly when not thoroughly freed from 
.ill traces of developer. If the acid in the taHpg h not 

exhausted, and if the prints are thoroughly but quickly rinsed 
prior to immersion in it, and then kept well under the surface 
of the fixing bath and constantly on the move, there is very 
little chance of brown or yellow stains. 

Other causes of yellowness or brown stains are : — Too weak 
or exhausted developer, under-exposure and forced develop- 
ment, or allowing the air to get at print while wet with 
developer. 

Warm Tones by Development, 

With many makes of gaslight paper warm tones can be 
obtained by increasing the exposure and diluting and possibly 
also restraining the developer. The procedure is much like 
that used with chloro-bromide papers {q.i\). 

The metol-hydroquinone developer given before, used in 
conjunction with ammonium carbonate, will produce colours 
ranging from sepia to red chalk, according to the exposure 
and dilution with water. 

Cool to warm sepias.— Exposure : 5 to 6 times black. 

Metol-hydroquinone developer (as 

for black) . . . 1 oz. (32 c.c.) 

Ammonium carbonate solution 

(see below) , . , . 50 to 60 mins. {4 c.c.) 
Water to make ... 6 ozs. (200 c.c.) 

Warm brown to red, — Exposure 6 to 8 times black. 

Developer . . . 1 oz. {32 c.c.) 

Ammonium carbonate solution . £ „ (8 c.c.) 
Water to make ... 8 ozs. (250 c.c.) 
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Red chalh. — Exposure r 8 to 10 times black. 
Developer . . , . i oz. (20 c.C.) 
Ammonium carbonate solution } „ (10 c.c.) 

Water to make . . .20 ozs. (400 c.c.) 

Red development may take five minutes or more. 
/I jjiMioii'irifi Carbonate Solution, 

Ammonium bromide 1 on. (50 gms.) 

Ammonium carbonate . . 1 ,, (50 gms.) 
Water to make . . . 1 pint (1,000 c.c.) 

The ammonium carbonate must be of good quality and in 
clear lumps, not white powder. It spoils if left exposed to 
the air. (See Ammonium Carbonate.) 

The following hydroquinone developer, simply diluted with 
water, is also stated to give a surprising range of colours on 
some brands of gaslight paper. The table shows the relative 
increase of exposure and dilution necessary. 

The developer is :— 
Water . 

Sodium sulphite (anhydr.) 
Hydroquinone . 
Potassium bromide 
Sodium carbonate (anhydr.) 

in i 



jo oza. 
550 grs. 
140 



90 
. 890 
given. 



(1,000 c.c.) 

(62-5 gms. 
(16 gms.) 
(10 gms.) 
(100 gms.) 



Tone nf iky 
print. 

Blue-black 
Green-black . 
Olive-green 
Sepia 
Brown . 
Red -brown 
Yellow-brown . 
Blood-red 
Red-orange 
Yellow 



pari 



Normal . 
Normal . 
Twice Normal . 
Three times normal . 
Four times normal . 
Six times normal 
Right times normal . 
Nine times normal . 
Ten times normal . 
Twentv times normal 



dilated will: 

Undiluted 

5 parts water. 

5 
10 

10 ,, ,, 
20 ,, 
20 
3° 

30 * 
40 „ 



Gaslight prints, after development and fixing, are washed 
and dried in the same manner as bromide prints. They can 
then be toned in any of the toning baths recommended for 
bromides, and, in fact, can be treated in exactly the same 
manner for all after-processes. 

For Gaslight Lantern Plates, see Lantern -Slide Making. 
Gauss Points. See No DAL Points. 



Gelatine Gclatino- Chloride Paper 

Gelatine. An animal substance obtained b 
hoofs, horns, and other animal substance';. It contains ; 
ig to 20 per cent, of water at ordinary temperatures, and in 
cold water swells up and absorbs from five to ten times its 
weight. Good samples will absorb sufficient water to dissolve 
them when the temperature is raised above go" F., the solution 
setting again to a jelly on cooling. The continued application 
of heat for some time destroys this setting power, a modifica- 
tion called metagelatine being formed. Gelatine will keep 
indefinitely in the dry state, but in the presence of water it 
soon putrefies, turning first acid and then alkaline ; and at 
this stage ammoniacal vapours are given off. Alum, alcohol, 
carbolic, salicylic, and boric acids, thymol, formalin, and 
the salts of zinc act as antiseptics. Acetic, hydrochloric, 
sulphuric, and oxalic acids dissolve gelatine even in the cold 
—acetic acid very readily, and f. inning a useful liquid gLm. 
Carbolic acid and alcohol precipitate it from aqueous solutions 
when they are in excess. Silver nitrate exposed to sunlight 
in contact witli gelatine produces a red colour. The alkaline 
bichromates in solution of gelatine render the latter after 
exposure to light insoluble and incapable of absorbing water, 
this action being the basis of the carbon and nearly every 
photo-mechanical printing process. Formalin renders it in- 
soluble. Chrome alum and tannin render it insoluble, but 
capable of absorbing water. Ordinary alum raises the melting 
point, but does not render it completely insoluble. 

There is a chapter on gelatine in The Theory of the Photo- 
graphic Process, by C. E. K. .Mecs. 

Gelatine Emulsions. See Emulsion. 

Gclutlno- Chloride Paper. A paper for contact printing 
by daylight, during which process a visible or " printed-out " 
image is formed. Usuallv known as P.O. P., an abbreviation 
for " printing-out paper." First made by J. B. Obemctter of 
Munich, and put on the market in England bv the Britannia 
Works Company (now llford, Ltd.) in 1891, P.O. P. rapidly 
superseded the albumen process that had previously been 
almost universal, but it has now in its turn been largely sup- 
planted by development papers. It is still available, however, 
and though but little used in England finds a certain popularity 
among professional photographers in countries where there is a 
greater abundance of daylight. In the form of self-toning paper 
(q.v .), it is still used by a number of amateurs in this country, 
particularly during the summer months. 
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Printing. — P.O. P. requires negatives that, by modern 
standards, arc fairly contra sty, but some makes of paper are 
harder than others. With sorat papers more eoutrasty results 
are said to be obtainable by printing under green glass. In 
any case, the stronger the light used for printing the flatter 
will be the contrasts in the print. 

The paper is placed in the frame by weak daylight, and the 
film side of the negative, preferably varnished to avoid all 
chance of silver stains, is of course placed next to the paper. 
One or two thicknesses of blotting paper may In: placed over 
the paper before fastening the hinged back of the frame. 

Select a window-sill or other open space which has an 
uninterrupted view o£ the sky ; place the printing-frame 
there and leave it for a short time. Then withdraw it into 
a subdued light, and unfastening one o£ the springs, turn back 
half the back and examine the paper. The examination 
should not be too prolonged, nor should it take place in any 
but a dull light, or the paper may be fogged a little. 

The exact depth to which printing must be carried depends 
to some extent upon the toning-bath to be used, but as a 
rule it should be continued till the whites of the picture are 
well coloured and the shadows begin to block up. 

The print is then finished as described under Toning (<I-V.). 
and fixed in a plain (non-acid.) fixing bath. 

Gelatine-Sugar Printing Process. A printing process 
similar to gum-bichromate (g.r.) in which a mixture of gelatine 
and sugar replace the gum. In other respects the two processes 
arc closely alike. Summarised working instructions arc a.% 
follows. 

A tuh-siwd paper is to be preferred, but papers can lie 
sized at home with chrome alum and gelatine as used for 
making single-transfer paper for the carbon process. The 
size should be rubbed well into the bad: of the paper. To 
coat, soak 3 -5 gms. (150 gr.) of gelatine till soft, then add an 
equal weight of lump sugar and water to make 100 c.c. (10 oz.) 
Dissolve by gentle heat (iio-izoT'.), then cool to 8oT\, and 
hold at this temperature during coating. 

A camel-hair mop is used to apply the solution, which should 
be used plentifully and worked into the paper till it froths. 
Then remove excess gelatine with a pad of clean butter- 
muslin, using a light polishing action. After drying for about 
half an hour, a second coat is applied. This usually suffices, 
but a third or even a fourth coat may be given. 
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When fully dry. the colour (ordinary artist's water- col our) 
is applied. Squeeze two or three inches of colour out of the 
tube, and slightly thin with water till quite liquid, but ab- 
solutely opaque when spread on white paper. Spread over the 
gelatine-coated paper with the camel-hair mop, and remove the 
surplus with a badger-hair brush, continuing to brush until 



The paper will keep indefinitely in this state, but when 
sensitized must be used within twenty-four hours. To 
sensitize, immerse for one minute in i per cent, solution of 
ammonium bichromate, and dry in the dark. 

The paper is about twice as fast as P.O. P., and requires a 
good strong negative— much more contrasty than is needed for 
gum priuting. Expose to daylight, in the shade, under a 
negative ; an actinumeter, and some preliminary experiments, 
will be needed to establish correct exposure. 

Next immerse the print, face down, in warm water, taking 
care that the back of the paper does not rise above the surface, 
or dark marks will appear later. After ten minutes, place the 
print on a sheet of glass or wood supported on an easel, and 
develop by spraying with hot water. A hairdresser's spraying 
bottle provides a useful spray. When sufficiently developed, 
the print may be left to dry. 
See also Gum Bichromate. 

Gevaluxc or Gevaluxc Velours. A bromide paper, of 
Gcvaert manufacture, having a surface apparently consisting of 
fine hairlike fibres, giving an effect like the pile of velvet. This 
surface is so completely non-reflecting that the blacks of a 
Gevaluxc print are far richer and deeper than those on any 
ordinary paper. (See Luminosity.) The same makers also 1 
offer one or two other printing papers with a similar " velours " 
surface. 



Ghost. See Lens ; also Flare. 

Glass, Early specimens are a small tablet in the British 
Museum, about 1445 B.C., of Egyptian make, and a goblet 
found in Nineveh, of about 700 d.c. Glass as old as 5-500 B.C. 
has been found in Egypt and it came from Syria, which, for 
many thousands of years, until 1400 a.d., was the centre of 
the glassmaking industry. Blown bottles and vessels were 
in common use in the 3rd century d.c, and the Syrians then 
developed window, or crown, glass. 
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Robert Lucas Chance introduced the manufacture of sheet 
glass into England in i S3 2, while British flint glass had become 
world-famous for its brilliancy as table-ware. The industry 
had been introduced into England during Queen Elizabeth's 
reign, when the French glassm alters, known for their religious 
independence, em migrated under persecution. Very thin 
plate glass can now be manufactured, with the result that 
photographic filters, usually consisting of tinted gelatine 
sandwiched between two optically Hat discs of plate glass, 
can be manufactured accurately on a large scale. Owing to 
the difficulties of exactly matching coloured glasses, it is 
better to have gelatine sandwich Idlers for cheaper filters. 

Coloured glasses are made by adding metallic oxides: blue 
from cobalt and copper oxides, red from manganese, copper, 
gold and selenium, green from chromium, nickel and copper, 
and yellow by the addition of carbon and cadmium. Some 
coloured glasses are " flashed," i.e., they arc of colourless glass 
that has a thin layer of coloured glass welded to it. However, 
the colouring of glasses is beginning to become a science. 

Glass usually consists of a mixture of silicates, and the raw- 
materials arc chosen from sand, red lead, potash, soda ash, 
magnesium, calcium and sodium phosphates and borates. 
The density varies from 2*2 for borosilicate glass to 5-2 for 
very dense lead glass. The denser the glass, as a rule, the 
greater the refractive index. 

When Lucas Chance set up a small furnace at Smethwick 
and enticed Georges Bontemps, in i8.|8, to join him, the 
British optical glass industry was firmly established. Bon- 
temps introduced " hard crown " and " dense flint," for 
telescopes, and " soft crown " and ,! light flint " glasses for 
camera lenses. He specialised in developing further denser 
glasses, which enabled the London lens manufacturers to 
replace Swiss lens blanks by British, and to supply most of 
the lenses for microscopes manufactured in Berlin and for the 
requirements of various Continental opticians. 

Then, in 1806, Carl Zeiss was joined, at his Jena workshop, 
hy Prof. Abbe, and in rSSi by Dr. Otto Schott. Schott made 
over 1,000 experimental types of glass to enable Abbe to get 
rid of secondary spectra in achromatic lenses. The Prussian 
Government granted a subsidy, and the partly state-controlled 
industry that developed soon established something ap- 
proaching a world-wide monopoly in many optical requirements. 

When, in 191.1, German supplies were cut off, the War 
Office, to their surprise and relief, discovered that Chance 
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Bros, had installed the then latest grinding and polishing 
machines, electric annealing plant, and mechanical stirring 
machines. The output of British barium and zinc crown 
glasses, in new, gas-tired furnaces, reached several tons per 
month. Aerial photography, from lolG onwards, created a 
wider demand, and glasses were manufactured to suit the 
lens-combinations required. The partial replacement of 
silica by boron oxide increased the refractive index without 
allowing the dispersion to go above 50, and the outstanding 
success was a glass of refractive index i-Oi.j and dispersion 59-9, 
making modern cinematograph lenses possible. 

To-day bulk productions of normal types of optical glass 
are made by first slowly heating the pots to i,4oo°C„ then 
adding the frit, or materials, topping to avoid shrinkage. 
After 30 hours, when the bulk is fairly free of bubhles, the 
temperature is lowered to 1,000'C. and the stirring macMfie 
connected. The pots arc then allowed to cool very slowly 
for seven days. The pot, containing up to 3,000 lbs of glass, 
is broken away, and the mass of glass broken into lumps and 
inspected for Haws. 

The lumps arc graded sad passed into a kiln, where they 
are softened. Discs are pressed out of them, which, after 
treatment in a gas-fired furnace, arc cooled very slowly in an 
annealing lehr. in order to eliminate internal strains and stresses. 
The blanks are then dispatched to the lens-makers, who cut 
and grind according to their own designs. 

The electric heating of batches in platinum pots, which 
avoids the danger of impurities from clay pots, is being 
developed on a larger scale now that small batches have 
shown a high degree of homogeneity. The British industry, 
which has in Scotland its own supplies of special sand, is 
developing new glosses for transmission of specific portions of 
the visible and invisible portions of the spectrum, as well as 
for every optical purpose. 

Glass, Bnrnt-in Photographs on- All the methods indi- 
cated under the heading Examhl and Ceramic Photographs 
are available with glass as a basis. The glass is laid on an 
even bed of powdered plaster of Paris, then 11 red in the muffle. 

Glass, Etching on. In the physical laboratory it is often 
desirable to etch scales on glass, and a photograph, whether 
of a fine subject or a half-tone, has a special value when etched 
on glass, as fading, in the ordinary sense of the term, is out 
of the question. True, the photograph is extremely faint ; 
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but the details are well defined, and by filling the hollows 
with pigment any amount of vigour may be realised. The 
following method is extremely useful, as the positive used may 
be a transparency of a line subject or a transparency from a 
half-tone negative produced in combination with a line screen 
as in block-making. The following sensitive ground or resist is 
evenly spread on the glass : — Albumen, izo grams ; am- 
monia, 4 c.c. ; fluid Indian ink, S c.c. ; ammonium bichromate, 
2 grams ; water, i - c.c. When dry, exposure is under a 
transparency {line or screen), and development is in cold water, 
the development being continued, with rinsing, until tlie 
portions to be etched are bare. After the resist is quite dry, 
the subject is bordered with wax, and the following etching 
fluid is used : Sodium fluoride, 10 grams ; alcohol, 60 c.c. ; 
water, 180 c.c. : glacial acetic acid, 4 c.c. (See also Hyalo- 
grapiiy.) 

Glass, Silvering, (See Mlltkolt. SlLVEHISfe.) 

Glass, Soluble. Basic alkaline silicates dissolve in water, 
and are sold as soluble glass. Used in preparing substrata 
for collotype (q.v.), and in other cases where it is desirable that 
a gelatine fihn should adhere very firmly to a glass plate. 

Glauber's Salt. Popular name for Sodium Sulphate [q.v.). 

Glazing Prime, Prints with a gelatine surface may be 
given a high glaze by squeegeeing on to prepared glass, ferro- 
type plates, or a chromium-plated glazing sheet. The latter 
only need careful cleaning and polishing for use. If glass 
is used it should be fairly stout and free from any surface 
blemishes. Patent plate is very suitable. The surface should 
be cleaned in hot water, with the addition of a little washing 
soda, and after rinsing in clean water, may be polished with a. 
duster arid a mixture of 10 per cent, ammonia and methylated 
spirit in equal parts. When thoroughly clean and dry, one 
side should have dusted over it a little French chalk, which 
must be rubbed lightly over the glass and then dusted off. 
There arc other preparations which may be employed, and 
anything of a slightly greasy nature prevents the print from 
adhering, a solution of spermaceti wax applied with extreme 
thinness being sometimes recommended. Polishing with a 
rag moistened with a trace of paraffin has also been suggested, 
and special " glazing solutions " are offered bv several makers. 

The hardening of the prints with forma! in' or alum, tliough 
not always absolutely necessary, is an excellent precautionary 
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measure against sticking. If formalin is used, hardening may 
be done immediately before laying them down on the glasses. 
It is not by any means necessary to spend much time in 
washing out the formalin, for as the prints dry the formalin 
evaporates, formalin as purchased being a solution of form- 
aldehyde (a gas) in water. 

The best way to lay the print on to the glass is to place the 
glass in the 'dialer in which tin: prints are soaking, floating :■. 
print face down wards over the glass. If the fingers are under 
the glass the print may be held in position by the thumb while 
the two together arc lifted out of the water. In tins way, 
air- bells between print and glass are avoided. The glass, 
with print adhering, is placed upon a flat, smooth surface — 
such as a firm table. A pad of newspapers makes a good base 
when placed on a level table top. 

A sheet of smooth white blotting paper is then laid over the 
wet print or prints, a sheet of plain stout paper over that, and 
a flat squeegee is firmly and steadily passed over the print 
and glass, pressing out the moisture from centre to margins. 
Before standing up to dry examine the print through the glass 
and note if surface is perfectly clear and free from small air- 
bells. If these are present the squeegee should be applied 
again. 

The drying of the prints after they arc laid down on the 
sheets of glass must not be unduly hurried. If the prints have 
been hardened it is safe to use a stigtit degree of heat ; that 
is, the glasses may be set in front of a fire at a distance of 
5 to G ft., but beyond this it is not wise to go. One effect 
'.f ton rapid drying ir, thai the print dries round tin- edges, 
which then peel off the glasses, the centre, being still damp, 
a tillering. Then, as the print dries inwards, it peels off a 
bit at ei time, and when the print comes cntirelv awav it 
shows a kind of oystershell mark. To avoid, this and all other 
troubles that may be met with in glazing, the following method 
of preparing the glazing siirfr.ee lias been recommended 
(Callier, igza) and is claimed to be infallible. 

Coat a piece of thoroughly cleaned glass with a warm i per 
cent, solution of gelatine, drain, and dry in a vertical position, 
protecting it carefully from dust. When completely dry, coat 
the gelatine with : — 

Amyl acetate, to make . . 20 oz. {1,000 c.c.) 
Pyroxylin .... 305 gr. (45 gms.) 
Oil of Vasclmc iyi mins (2 c.e.) 
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Drain of! any excess, retaining it for future use, and leave to 
dry. The glass should be fiat during drying, and to avoid 
falling dust should be covered by another sheet of glass. As 
amyl acetate is not very volatile, drying will take some time. 

Prints are squeegeed wet on to the collodion surface in the 
usual way, and generally fall off of themselves when dry. 
The prepared glass may be re-used indefinitely as long as the 
collodion retains its polish. No further treatment of any kind 
is required during the life of the coating. (See also Enamelling 
Prints, Encaustic Paste, and Magilp.) 

Glycerine (Fr., Glycerine : Ital., GHccriua ; Lat., Gly- 
ccrivum ; Ger., Glycerin). CjH;(OH)j. A peculiar, sweet, 
viscid liquid, obtained from oils and fats as a bye-product in 
saponification. Specific gravity, 1-260. It is extremely 
hygroscopic, and its non-drying properties are taken advantage 
of in photography to prevent the too rapid drying of some 
substances, and it has also been used as a preservative of pyro. 
It is miscible in all proportions with water and alcohol. It 
has also been suggested as a restraincr in developing, its action 
being probably rather physical in this respect than chemical, 

Glycin. Para-hydroxyphenyl-aniinoacetic acid (OH)C 0 H, 
NHCHjCOOH = 167. Synonym : Kodurol. Developing agent 
of low activity. Colourless crystals, practically insoluble in 
cold water, alcohol, and ether, but quite readily soluble in 
solutions of sulphites or alkaline carbonates. Hardly oxidised 
at all by air, whence its one-time popularity for stand develop- 
ment (see Development.) At present quite widely used in 
fine-grain development (q.v.), and in developers for warm tones 
on ciilorobromide papers. (See Development and Chloro- 
bromide Paper.) 

Gold Chloride (Fr., Chlortire d'or ; Ital., Chrnro d'oro ; 
Ger., Gohlclilond, Chlorgold). Synonyms : Auric Chloride, 
Trichloride or Perchloride of Gold. AuCl 3 = 303. A yellowish- 
brown crystalline mass, made by dissolving gold in aqua 
rcgia. Usually commercial chloride is obtained by solution 
as above and the evaporation of the acid liquid, in which 
case bright yellow crystals of AuCl 3 HCl are obtained, from 
which it will he seen that one equivalent of hydrochloric acid 
is combined with it. Used in the toning of print-out papers 
of various types, for which purpose the double neutral salts 
of gold and potassium, sodium or calcium, are preferable. 
(See Toning.) 
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Gold Potassium Chloride (Fr., Chlorure double d'or ft dc 
potass? : Ital., Cloruro doppio d'oro e di potassio ; Gcr., 
Chlorgoldhaliiim). Synonym : Potassio-chloride of gold. 
AuCljKCl 3H : 0. The usual method of making this is to 
dissolve i part of pure gold in as small a quantity of aqua 
regia as possible, by tlie aid of heat. Evaporate gently, and 
then add 20 parts of distilled water, in which 0-51 part of 
potassium bicarbonate lias been dissolved. Carbon dioxide is 
given off, and the resulting solution should be evaporated to 
dryness. 

Gold Sodium Chloride (Fr., Chlorure double d'or et de 
south : ital., Cloruro doppio d'oro e di sodio ; Ger., Chlor- 
goldiiatrium). Synonym : Sodio-ch bride of gold. AuCl,NaCl 
-^jH 3 G\ Tliis is the usual commercial .salt, and occurs as 
yellowish- brown needles, which are very deliquescent, soluble 
in alcohol and water. The following table shows the equiva- 
lent quantities of the various salts used in photography s— 

Gold GoliL Geld 

Cold. Chloride. Potassium Chloride. Solium Chloride. 



1 i-54 20 5-1048 2-0229 

06485 1 i-3 6 45 I-3II9 

0-4751 0-7326 1 0-9611 

0, 4943 0-7623 1-0405 1 



Gold Thiosulphato (Fr., Hyposutfite double d'or et de 
sodium ; Ital., Ipotsoljtlo d'oro c di sodio ; Ger., Natriumauro- 
lliiosulfat, U ntcrschwefligsaurcs Cotdoxydiil)ia(ron). Synonyms: 
Hyposulphite of Gold, Sel d'or, Fordos and Setts' salt. 
NaiS.Oj, Au = S;,Oj. 4 H = 0. This salt was originally suggested 
for toning daguerreotypes, and later for albumenised paper, 
and more recently still for gelati no-chloride paper. It may 
be formed by gradually adding a neutral 2 per cent, solution 
of gold chloride to a 6 per cent, solution of hypo. To obtain 
it in crystals, mix the solution formed above with alcohol, 
when the salt will crystallise out in fine white needles. 

Grade of Contrast. See Contrast GiiatjIv. 

Gradient. In sensitometry (q.v.) applied to the inclina- 
tion or slope of the characteristic curve. Over the straight- 
line portion, that gradient is equal to gamma, and at any 
point on the curve, the gradient indicates the contrast at that 
point. 
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Gradient Speeds. Film speeds determined by finding the 
exposure needed to arrive at a point on the toe of the 
characteristic curve where the gradient is some definite fraction 
of either {«) gamma or (b) the average gradient over a 
predetermined range. The standard normally taken is that 
the gradient at the point in question shall be three-tenths 
of the average gradient over a log exposure interval, 'beginning 
at the point, of I 5. fSee Sensitqmetky.) 

Graduate. Alternative term for measure (q.v.) 
Graduated Screen. See Filter. 

Grain. The basic unit of weight in all three British systems 
of weights (Avoirdupois, Apothecaries, and Troy) and also in 
the American system. An idea of its magnitude may be had 
from the fact that a drop of water usually weighs between one 
and two grains. (Sec Weights and Measures ) 

Grain in Negatives. A negative is said to be " grainy " 
when an enlargement from it shows the structure of the 
image. Grain is usually most evident in the lighter half- 
tones, which may exhibit a mottled structure in place of a 
smooth even tone. (See Fini-: -Grain Development.) 

Gram or Gramme. The former spelling is virtually inter- 
national, the latter specifically French. In English, " gram " 
is now more usual than " gramme." The gram is the unit of 
weight in the metric system. See Weights and Measures. 

Ground-Glass. See FOCUSING SCREEN. 

Gum Arabic (Fr., Gontme arabique ; Ital., Gamma arabica ; 
Gcr., Gummi arabicum, Arabischc Gitmmi). A gummy exuda- 
tion from the stems of various species of acacia. It is of 
peculiar bland taste, odourless, insoluble in alcohol and ether, 
but entirely soluble in water, in which form it is used as a 
raountant (q.v.). It is also used in the powder process, gum- 
bichromate, and photo-lithography. Its adhesiveness is 
increased by addition of aluminium sulphate, less so by 
ordinary alum. It is decomposed at a temperature of 300", 
and is converted into dextrine by the action of sulphuric 
acid. 

Gum-Bichromate Process, In its original form, gum- 
bicbromate appears to be chiefly due to M. Poitevin, Mr. John 
Pouncy, Mr. Thomas Sutton, and Mr. J. C. Burnett, who 
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worked between 1850 and i860, and it had a very consider- 
able vogue in the early years of this century as a result of its 
revival by SI. Demachy and other,-;. The mot hod may be 
summarised as follows : — Ground pigments are mixed with a 
thin mucilage of gum arable and a little soluble bichromate, 
this mixture being applied to the paper as a thin wash. When 
dry, the paper is exposed to daylight under a negative, and 
the picture is developed by soaking in water (cold, warm, or 
hot) until the unexposed portions of the pigmented gum are 
sufficiently washed away. 

The characteristics of the linished print, as well as the 
trouble involved in making it, arc such that the process is 
hardly likely to be used except for fairly large work ; it will 
therefore be necessary first to prepare an enlarged negative 
{(J.V.). For ease in handling, this should be on a glass plate 
rather than on a film. 

Paper for Gitm-B'tchromatc Printing.— Generally speaking, 
any paper that would be suitable for water-colour painting 
will give satisfactory Tesults in gum printing, and the choice 
of surfaee is of course one for the exercise of individual taste. 
English cartridge paper works well, but as it is rather heavily 
sized prints on it tend to hardness, though good and clear 
highlights are obtainable. Whatman's papers give excellent 
results, and the coarser kinds are well adapted for very broad 
effects. 

Coating the Paper.— The following solutions should be made 
up : — 

A. 

Clear white gum arabic .... 4 parts. 

Water . . . . . . 6 „ 

Soak till dissolved, and squeeze the mucilage through fine 
muslin. 

B. 

Potassium bichromate . . . .1 part. 
Water ....... 9 parts. 

fn a room lighted by artificial light, equal volumes of A and 13 
arc mixed, and then such moist water colours are stirred in 
as will give the required tint ; but the coloration should only 
be such that, when the preparation is laid on paper with a 
broad camel' s-hair brush, as described below, the Lint appears 
very faint, and far short of that required to form the shadows 
of a print. The film should seem very thin and transparent 
when the paper is held up to a window, and the outline of a 
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finger held the other side of the paper should he easily trace- 
able. Indian ink or ground lampblack, with a little cobalt blue 
to modify the greenish tint, is a suitable pigment. Earth 
colours, like Indian red or the siennas, can be used, hut a 
much larger quantity is required than when lampblack is the 
base. To coat the paper it must be sponged on both sides to 
stretch it ; after which it is pinned down on a board by one 
corner, and rapidly brushed over with the sensitive mixture by 
means of a broad camel's-hair brush. It is best to work in one 
direction, and the coating must be thin — sa thin that the 
gummy mixture must rather be rubbed over the surface of 
the paper than painted on, and the pigmenting must be 
adjusted for this kind of coating. Some practice is required 
in coating the paper thinly and uniformly. A brush known 
as a " Badger-hair Softener " is useful here to lightly " whisk " 
over the surface of the coated paper to soften any 
inequalities. 

The best method of drying is to bang the paper up over- 
night in a room where there has been a fire during the day. but 
more rapid drying before a fire is quite allowable. Exposure 
should generally be longer than for a print on P.O. P., and can 
be judged by the faint image of the exposed bichromated 
gum which is visible — or should be, if the paper is not too 
heavily pigmented — -when the paper is viewed by transmitted 
light ; the details or the shades being just tractable. The 
use of an actinomcter is often more convenient, especially for 
those who are accustomed to one. The exposed print is" now 
soaked in cold water, and if the colour soon begins to wash 
off the paper on rocking the dish, under-exposure is indicated ; 
and in this case cold water alone may perhaps finish the 
development. 

According to the behaviour of the print, warmer and 
warmer water may be used, and to increase the detergent 
power of the water a sticam may be poured from a height on 
the surface of the print. When the development is complete, 
the print may be soaked in an a!urn bath, after which it is 
rinsed and allowed to dry. 

The Gum Solution.- — The best gum arable should be used, 
this occurring as nearly round and almost white nodules ; 
these nodules being full of cracks. Such nodules as are clear 
and glasslike should be rejected, as these pieces are often but 
imperfectly soluble, giving rather a slimy mass than a true 
solution. Two parts of gum and 5 parts of water form a 
good standard mucilage. The mucilage should be strained, 
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and to each half-pint or 250 c,c. add 20 drops of the pure 
cry stall is able carbolic acid. 

Choice of Pigments, — This is very wide, the one Limitation 
being the exclusion of those which are affected by chromate 
salts. The following list includes all that are likely to be 
required :■ — Lampblack, ivory black, burnt umber, Venetian 
red, Paris blue, dark burnt ochre, sepia, gamboge, Percira's 
green, and Cassel brown. 

Stock Ginit and Colour " Solutions:' — These may be pre- 
pared by rubbing together in a mortar about 1 part of the 
moist water colour, as sold in collapsible tubes, with 4 parts of 
the mucilage or gum solution, but as some colours are more 
intense than others, no absolute rule can be laid down. 

Mixing and Sensitising the Colour " Solutions." — In using 
the standard " solutions " of gum and colour to the required 
tint, the old dictum of the apothecary "shake the bottle" 
must not be forgotten. A mixture of 1 part of mixed or 
adjusted colour solution and 1 or li of saturated solution of 
ammonium bichromate tends to hardness of the print and a 
rendering of the deep shadows ; while the use of a mixture 
containing 1 part of the colour solution and 2 parts of a 
saturated solution of ammonium bichromate tends to greater 
sensitiveness, flatness of the picture, and the rendering of the 
fainter gradations. A sheet of paper 12 ins. by 15 ins. will 
ordinarily require a little more than J ox. (about 8 ex.) of 
the mixture, but this estimate is subject to much variation, as 
explained below. See above for instructions as to coating 
the paper. Dry as recommended above. 

Exposures tor Multiple Printing. — When several impressions 
arc to be made on the same sheet to build up a picture, the 
question of exposure becomes somewhat complex. Let it 
be assumed that there are to be three printings. The first 
may be for the higher lights, and a range including all the 
darker shades. The paper being allowed to dry, and having 
been once more coated, the second exposure is for middle 
tones and shades, white the third coating and exposure may 
be merely to add to or intensify the shadows. Either the 
exposures may be about equal and the sensitive J ay era made 
of variable thickness, or the layers of sensitive material may 
be of equal thickness and the exposures may be varied 
again, the proportion of bichromate may be varied as indicated 
above. 

In the former case the first coating should be a thin layer 
of a mixture containing but little pigment and gum, but a 
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full dose of bichromate. This will give a thin flat image. 
The second coating should have more gum and pigment with 
less bichromate, which, with the same exposure as in tlic 
previous case, will in no way increase the deposit on the higher 
lights. The mixture for the third coating will be made with 
still more gum and pigment, but with less bichromate. If the 
exposure is the same as before, only the deeper shadows will 
receive a new deposit. If, on the other hand, the system of 
varying the exposures and using similar coatings be "adopted, 
the first exposure must be long so as to cause a deposit as far 
as the lights of the print, this exposure giving a llattish picture. 
The second exposure must be shorter, the deposit then only 
reaching the middle tones, while the third exposure should be 
so short as only to cause a deposit on the extreme shades. 

Adjusting the Print to the Xegative for Multiple Printing. — 
The coating of pigmented sensitive gum on the sheet of paper 
should never be so thick or dense as to make it difficult to 
place the negative in exact position or register for the sub- 
sequent printings. An excellent method o£ adjusting the 
sheet for subsequent impressions is to hold the negative and 
sheet together in one hand, until exact correspondence is 
effected, and then to fix the paper in position by strips of 
adhesive plaster, this latter being very slightly warmed. 

When dealing with large prints an excellent method of 
securing register for several coatings is the use of a drawing- 
board instead of a printing frame. This has the further 
advantage of allowing the whole of the print to be examined 
during exposure. A piece of stout flannel must be attached 
to the board, and upon this is laid the gum-bichromate paper, 
sensitive side uppermost. When cutting up the paper, a 
margin of about an inch larger than the negative must'be 
provided. 

Pin the paper to the board by the four comers, and in the 
centre place the negative. Some ordinary- pins of a fairly 
stout gauge are now required, and two of these must be 
driven through the paper into the board, so that they press 
(irmly against the glass on all sides. 

A few drawing pins can be used to ensure contact if desired. 
This is only necessary if the negative is not a very large one 
If a large glass negative is used, its weight is generally sufficient 
to keep it in good contact with the paper. Printing should 
be conducted with the board as nearly horizontal as possible, 
A good top light or printing in the open air is advisable. When 
it is necessary to examine the print, the negative is removed 
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altogether, and if the pins have been accurately fixed, it can 
be replaced in exact register. 

Gum- Bichromate- Alum Process. This process, which is 
due to Mr. Herbert S, Starnes, and was shown by him at the 
Royal Photographic Society's Exhibition, 191 9, is another 
variation of the gum -bichromate method previously described : 

Specially ground pigments and gum Senegal arc added to 
the sensitiser (a solution of sodium bichromate, alum, and 
hydrochloric acid). The mixture is brushed thinly over raw- 
paper (not more than 1 minim to 4 sq. Lns., or 1 c.c, to 450 
sq. cms.). The paper is then dried and exposed under the 
negative. A weak solution of alum and hydrochloric acid is 
poured over the print. In about 10 sees, the soluble pigment 
will begin to float oft the highlights, and when the lightest 
half-tones are visible, the acid alum will have acted upon the 
entire film according to the light action. The soluble pigment 
can then be washed away, or left, as desired, by developings 
with water under pressure. 

Gum -Printing on Bromides. A method of making a 
print in pigment, without using a negative, on a bromide print 
or enlargement. This process, dun to T. H. Greenall, bears tiie 
same relationsliip to gum-bichromate that Carbro does to 
carbon. Usually the original silver image is left to re-inforce 
the pigment. 

The bromide print, preferably on matt paper, should show 
full highlight detail without being veiled or over-exposed. It 
should be fixed in a hardening fixer (or otherwise hardener!) 
and well washed. 

For the coating, tnix 1 pnrt sugar and 2 parts white dextrine 
with E3 parts water ami heat till clear. To $ parts of this add 
4 parts of S per cent, gelatine solution and b parts of 15 per 
cent, gum arable mucilage. For a black print, 1 part of 
vegetal ile black and ^ parts of ivory black, mixed, are rubbed 
into ujj parts of the above colloid mixture, the mixing being 
done with a spatula or thin flexible knife on a sheet of glass. 
Or 1 part of vegetable black alone may he mixed with So to 
110 parts of colloid solution. For a print that is to be 
sulpltided, 1 part ivory black to 22 parts colloid, or 4 to 5 parts 
bone brown and 1 part ivory black to no parts colloid, will 
be found pleasing. 

Damp the surface of the print just enough to make it lie 
flat, warm the coating mixture till it is about as thin as office 
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gum, then spread on the surface with a very- soft flat hog- 
hair brush, smoothing with a badger softener. Allow 30 to 
-15 minims (about 2 c.c.) for a 5 X 7-in. print. 
When dry, treat print for lito 2 mins. in : — 

A. Copper sulphate . . . 20 grs. (3-5 gins.) 
Potass, titrate (neutral) . 80 grs. (10 gins.) 

Water . .... 20 ozs. (1,000 ex.) 
15. Potass, fcrricyanidc . . 40 grs. (5 gms.) 
Potass, bromide . . . 20 grs. (2-5 gms.) 
Water to .... 20 eras. (1,000 c.c.) 
These solutions keep fairly well. For use, mix I part A, 
1 part B, and 2 to 4 parts water. The stronger the solution 
the heavier and more general is the deposit of pigment, ff 
too much pigment is persistently deposited, double the amount 
of potassium citrate. The surface of the print must not be 
touched. 

The print is next treated with successive changes of tepid 
water, each warmer than the last, starting at So c F, This 
washes away the pigment in the lighter parts, leaving it 
attached in the shadows, so producing the pigment image. 
For local development, allow cold water to drop on to the print 
as it lies under the warm water. 

Lastly, redevelop the partially-bleached silver image in any 
ordinary developer, preferably free from bromide, wash 
carefully and dry. Redeveloping may be (jmitled if the print 
is to be sulphide toned. In this case, iirst treat for 1 to 2 mins. 
with 0 2 per cent, caustic soda, rinse, and immerse in 3 per 
cent, hydrochloric acid ; then ivash in numerous changes. 
This gets rid of any copper that the print may have retained. 
Then bleach and sulphide in the ordinary way. (See Toning.) 

Gum Eleml (Fr,, Gomme ilemi ; Ger., Oelbaumhur:). A 
resinous exudation from Cauarhim commune, imported from 
the Philippine Islands, and also obtained from Amyris 
elemifera in Central America. It is used in varnishes and 
encaustic paste. It is very soluble in alcohol, insoluble in 
water, and should have somewhat the colour and consistence 
of honey, but generally, from exposure to air and impurities, is 
more yellowish-brown and indurated. 

Gun -Camera. A camera attached to a gun, usually in a 
fighter aeroplane, and operated when the trigger of the gun is 
pulled. These cameras were introduced during the war of 
19 14-18 for use in training fighter-pilots. The photographs 
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taken in a practice " dog- fight " enabled the instructors to 
determine whether the opposing aircraft iv on Id have been shot 
down if the gun had been actually lircd. 

In this early model only still pictures were taken ; modern 
gun cameras use 16-mm, film and make a complete record of 
the whereabouts of the opposing aircraft throughout the whole 
period during which the trigger of the machine-guns or cannon 
is depressed. In real fighting it is usually possible to determine 
from the film whether the enemy aircraft was brought down, 
or to what extent it was damaged. From this point of view 
the cine gun-camera is so valuable in wartime that it is now 
fitted as standard to most lighter aircraft as well as to training 
machines. See also Aerial Photography. 

Gun-cotton. See Pyroxylins. 
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H. & D. An abbreviation for Hurtcr fi Driffield, the 
names of two investigators in sensitomctry. The letters 
H. & D. seen on a box of plates together with a number- — 
thus. H. & D. i.ooo — Indicates that the speed of the plates 
lias been determined to be i,ooc according to the H. & D. 
system of measurement (see Sensitomctry), The numbers 
are comparative : thus, H. & D. 200 is double the speed of 
H. & D. 100, or half the speed of H. & D. 400. (See also 
Exposure and Sensitometry.) 

Halation. A spreading of light from a bright part of the 
image into an adjacent darker part as a result of reflection 
from the back surface of the film or plate (compare Irradia- 
tion), Halation makes itself most obvious when photo- 
graphing on an unbacked glass plate an interior view that 
includes a window. Both direct and scattered light from the 
window pass through the sensitive coating of the plate, and 
is reflected from the back surface of the glass. It then strikes 
the back of the emulsion in the neighbourhood of the image of 
the window, so that on development this is surrounded by a 
heavy black halo (white on the print) decreasing in intensitv 
at increasing distances from the window. The same effect 
can result in wiping out the image of twigs seen dark against 
a light sky, and in general tends "to obscure the outline at any 
point where there is a sharp contrast between light and dark, 
especially when full exposure is given. 

Halation is present in films as well as plates, though with 
the thinner support its effects arc less evident. It can be 
checked either by interposing a light-absorbing layer between 
emulsion and the celluloid or glass, or bv abolishing the 
optical surface at the hack of the support. The latter is the 
principle used in " backing " plates ; they are coated with 
an opaque substance of the same refractive index as glass. 
There is thus ho reflection at the glass-backing surface, and 
in the backing the light is absorbed. For backing to be 
effective, no air must be trapped between the glass and the 
backing ; they must be strictly in optical contact. All 
plates are obtainable ready-backed, and practically all films 
are protected against halation either by backing 'or bv an 
intermediate anti-halo layer immediately below the emulsion. 
In 35-mm. films, the base is often tinted grey as a preventive 
of halation. 
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Halation, when it occurs, can to some extent be cured by 
local reduction (i/.f .), by the process of redevelopment {f/.v.) or 
by the careful use of Bnskett's reducer {.;.)'.}. 



(See also Backed Plates.) 

Half- Plate. The size 41 x 6\ ins. Note that it is not 
the half of a whole-plate (GJxSl ins.) which would be 
4JX6I ins. This size is hardly ever used, but is sometimes 
referred to as " double quarter." (Sec Sizes.) 

Half- Tone Blocks. See Photo-Mechanical Processes. 

Halide, Haloid. See Halogexs. 

Halogens. Generic term for the four closely- related 
elements fluorine, chlorine, bromine, and iodine. Salts of 
the corresponding hydro- acids (hydrochloric, etc.), arc often 
known us ha) ides, haloid salts, or sometimes as " haloids." 

Hand Camera. The hand camera mav be said to date from 
the introduction of the dry plate, which first freed the photo- 
grapher from the necessity of taking a complete laboratory 
for the preparing and developing of his plates to the site of 
his proposed photography. The early hand cameras, fre- 
quently known as " detective cameras," were in most cases 
either a simple box or a stand camera more or less ciudely 
adapted for use in the hand by the addition of a focusing-scale 
and a view- finder to replace the ground-glass screen. From one 
or other of these all nuliscqucnt hand cameras have evolved. 
(Sec CameKA.) 

Hand Camera Work. The tripod, not so very long ago 
essential for all but special work, is now so seldom used that 
" hand camera work " includes practically the whole of modem 
photography. We therefore deal here with a few points 
common to' all work with a hand-held camera, but chiefly 
matters that become important when using a hand camera for 
the rapid snapshotting for which it was originally designed. 

Camera Shake. — Movement of the camera during the 
exposure is a very common cause of poor definition, particu- 
larly with miniature cameras. Different people exhibit very 
different ability to hold a camera still ; some claim they can 
obtain absolute steadiness nine times out of ten at a fifth 
of a second, while others shake their cameras even with their 
shutter working at a fiftieth. It is probably safe to say that 
anyone, practised or not, can hold a camera steady for a fiftieth 
of a second provided he makes a definite effort to do so. 
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With the usual eye-level finder on a small camera it is 
probably best to hold the bodv of the instrument in such a 
way as to allow the knuckles of the thumbs to he pressed 
firmly against some part of the face, so that the camera cannot 
be moved without moving the head also. 

The shutter release should always be depressed slowly 
with a squeezing action like that used in firing a rifle, and the 
photographer should not know, to within half a second or so 
exactly when the shutter will fire. A sharp dig at the release 
is fatal ; it is only permissible when a fast-moving subject has 
to be caught at precisely the right moment, in which case a 
very high shutter-speed [i /250th of a second or less) must be 
used, as much to guard against camera shake as for the 
sake of arresting the movement of the subject. 

On the slower speeds of i/a 5 th of a second or longer it is a 
good plan to hold the breath when releasing the shutter parti- 
cularly when using a reflex or other camera that is used at waist- 
level. Some workers find it helpful to use a wire release but 
others prefer the normal shutter release. The general adoption 
of body-release {q.v.) of late years lias done much to eliminate 
camera- shake. 

Judging Dista>ices.—One of the greatest difficulties in 
hand camera work is focusing. Although a tape measure 
or a range-finder can be used to determine the distance of 
the object the undeniable fact remains that if the judgment 
is sufficiently cultivated to enable the photographer to estimate 
distances nearly enough by eye, he can work much more 
quickly than if he bad to rely on measurement Even a 
coupled range-finder, the quickest of all mechanical methods 
of determining distance, consumes moments that may be 
precious. Every photographer, no matter how well equipped 
his camera, should therefore be able to estimate distances by 
eye ; for the user of the simple camera this is an essential 
accomplishment. 

A good method of training the eye can be made use of at 
any time when out walking. Choose a number of feet say 
fifteen, and as each street-comer, lamp-post, pillar-box, or 
other object is approached a guess is made as to the exact 
instant at which it is the prescribed 15 ft. away Count 
steps from that instant until the object is reached thus 
roughly measuring the distance. A yard is a good full stride - 
if a shorter stride is habitually used, the number of norma! 
paces in 15 ft. can be determined in advance. 
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This process of measurement is repeated on every con- 
spicuous object approached, and in a day or two the 15-it. 
distance will be very easily recognised with considerable 
accuracy. Next take some other distance, say 9 ft., or 
whatever is marked on the focusing scale of the camera, and 
continue the exercise as before. Several distances can soon 
be learnt in this way, with no special trouble or consumption 
of time, simply by making use of opportunities when walking 
in town or country. 

The next stage is to stop at all sorts of irregular distances 
from the object being approached ; guess the distance, 
and check it, as before, just by walking up to it. Then the 
ability to judge distances can be made use of photographically 
and out-of-focus results should be very rare. 

One of the most useful distances is 15 ft., as this is a range 
at which, with any camera giving a normal angle of view, a 
standing figure can be comfortably accommodated across 
the narrow way of the film. It is therefore a good distance 
cither for single figures or for groups. 

Another useful method of estimating distances is to note 
the apparent size of an average man as seen in the view finder 
at various distances. A standing figure should be viewed at 
various distances, and the size memorised. With practice, 
it becomes no more difficult to estimate the distance from the 
size of a seated figure than from that of a standing one. 

Where it is not desired to rely upon an estimation of dis- 
tance, or for close-up work where estimation is hardly likely 
to be accurate enough, a range-finder should be obtained for 
use in conjunction with any camera that is not fitted with 
one, unless, of course, it is a reflex. For convenience, a clip 
to hold it should be attached to the camera. 

inspection of a depth of focus table (see Depth of Focus) 
will immediately show how the accuracy required in judging 
distances varies with the distance of the object, and with the 
stop used, and will indicate when it is safe to rely upon judg- 
ment, and when a range -finder must be used to ensure a sharp 
pieturc. 

Subjccts.— The ease with which the modem camera can 
be used is meant to enable the user to concentrate all his 
attention on the subject. Too often it has the effect of 
encouraging snapshotting of the most casual type, with no 
care or thought devoted to the choice and arrangement of 
subject. The picture-maker, if his aims are serious, must 
guard against the tendency to snapshot too promiscuously. ( 
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For other matters connected with hand cameras and hand 
camera work, see under respective heads Lens. Ex POSURE, 
Focusing, Hvperfocal Distance, Depth of Focrs, Moving 
Objects, Miniature Cameras, Shutters, Development, 
Fine-Grain Development, Water-Bath Development, 
Films, and Camera. 

Hand and Stand Camera. Sec under Camera. 

Hardening Agents. The gelatine which is the vehicle for 
the sensitive silver salts in plates ami films will soften if 
immersed in water, or in ordinarv developer or fixer. At too 
high a temperature this softening may lead to melting, frilling, 
or reticulation, the latter being particularly associated with 
sudden changes in temperature, as from developer at 65 or 
?o° to wash-water straight from the tap at perhaps (in winter) 
45 1 or less. All these causes of failure can be avoided bv 
hardening (tanning) the gelatine. 

The usual hardening agents are potash alum, chrome, alum 
anil formalin, and of the three potash alum is the most widely 
used, largely because it can conveniently be- incorporated in 
the fixing bath. (See Happening Fixkk.) It is important 
to notice that the hardening efficiency depends very greatly on 
the acidity of the solution, reaching a sharp maximum at a 
pH of about 4-0. A hardener containing il per cent, of 
potash alum, used at this f>H value, may he expected to raise 
■the melting point of the gelatine from its normal value of about 
<)o-<ig" F, to about 110-115° F. With a 5 per cent, alum 
solution, tin- melting point may be raised as high as lag-ido 1 - F. 
Hut if the acidity of the solution is wrongly adjusted, the 
hardening effect of the alum may be negligibly small. 

Chrome alum behaves in much the same way as potash alum, 
but is a more efficient hardener, capable, in favourable cir- 
cumstances, of raising the melting point of gelatine to over 
200'- F. : the optimum />H for the solution is 4 3 ; which is 
about that of a simple solution of chrome alum. Note that 
chrome alum solutions containing sulphite lose their hardening 
properties within about J4 hours of mixing ; similar solutions 
of potash alum retain their hardening properties for long 
periods. Stock hardening fixers must therefore he made with 
potash alum and not with chrome alum. It is interesting to 
notice that carbon, gum-bichromate, bromoil. and similar 
processes depend on the chrome hardening r.f gelatine or 
related substances, the chromium salt being derived from a 
bichromate by the action of light or of the silver image. 
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Whore hardening m neutral or alkaline .solution is required, 
alums are totally ineffective, and formalin (f.t'-J must be used. 
The chief practical applications of this are in tropical hardeners 
and as post-fixation lianleiier, especially for prints that 
are to he glazed or for films to he protected against subsequent 
mechanical injury. (See Sc**whpropf,] 

Temporary " hardening " can he provided by loading a 
developer or other processing solution with almost any neutral 
salt ; tile effect here is simply to prevent the gelatine from 
swelling as lone, as it is in the solution. A 10 per cent, addition 
of sodium sulphate is commonly made to developers for 
tropical work ; this enables true hardening to be postponed 
until development is complete. (See Tuol'ICAt WORK,) 

Hardening Fixer. A fixing bath that also contains 
ingredients for hardening the gelatine. The usual hardening 
agents that are added to a fixing bath are ordinary white 
(potash) alum or chrome alum. In addition, the hath must be 
made acid, to prevent precipitation of the aluminium or 
chromium, and must contain some sulphite to protect the hypo 
from decomposition by the acid. (See Acid Fixing Bath.) 

Of the two, chrome alum hardens more decisively than 
potash alum, but it is not in general suited to amateur use, as it 
loses its hardening properties within a few days of mixing, no 
matter whether it is made up as a complete fixer or as a separate 
hardener to be' added to the hypo at the time of use. Baths 
containing ordinary alum will keep almost indefinitely. 

Recent work has shown that a potash alum bath has its life 
greatly extended by the addition of boric acid, in the presence 
of which it retains its hardening powers at least three times as 
long. The boric acid also makes the bath less likely to deposit 
a white sludge of aluminium sulphite or hydroxide during use. 

The following hardening iixer (F5) has good hardening 
properties and a long life. 



For marc accurate measurement, it is lietler to prepare a 
26 per cent, solution ol acetic acid by mixing 3 parts of glacial 




Cold water up to 



20 OKS. 



(i.ooo c.C.) 
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Jicid with S parts of water, and take 7 J dr. (47 c.c.) of this in 
place of glacial acid. 

It is essential that the chemicals should be dissolved in the 
order shown. Each 20 ozs. of this will fix, as an absolute 
maximum, twelve %i x 2 J spools, 24 V.P. spools, or twelve 36- 
exposurc lengths of 35-mm. film. Films must be rinsed in 
water, or a hardening stop bath (q.v.), between development 
and fixation, or the life of the bath will be considerably less 
than that given. 

If preferred, a concentrated acid hardener can be prepared 
by omitting the hypo and dissolving the remaining chemicals 
in one-fifth of the quantity of water shown. For use, mix one 
part of this solution with four parts of 30 per cent. hypo. 

Hardening Stop Bath. A hardening bath that also con- 
tains an acid to arrest the progress of development. It is 
used after development and before fixation. An effective 
formula is — 

Chrome alum . . . 180 grs, (logins.) 
Sodium bisulphite . . . 180 „ (10 gms.) 
Water to . . .20 ozs. (500 c.c.) 

The sodium bisulphite may be replaced by its own weight 
of potassium m eta bisulphite if preferred. The developer is 
poured out of the tank and immediately replaced, without 
intermediate washing, by the above. After 5 to 10 minutes, 
the hardening stop bath is poured away and replaced by 
fixer. This should either be a hardening fixer or should 
contain metabi sulphite in fair quantity, otherwise the chrome 
alum carried over may either decompose the hypo or produce 
a precipitate in the film. 

The hardening stop bath must be freshly made ; it can be 
used for several films in succession on one day, but loses its 
hardening properties if kept for more than about 24 hours. 
Or it may be mixed as required from 15 per cent, solutions of 
the separate ingredients, which keep well separately. 

Alternatively a 3 per cent, solution of chrome alum (300 
grains per 20 oz.) may be used ; this will keep indefinitely in 
solution. It may be made up five times this strength if 
preferred, and dduted for use. Agitate the film in it for not 
less than 10 seconds, then leave 5 minutes to harden before 
fixing. 

The solution loses its hardening properties through use ; so 
long as it remains blue-violet in colour when looked through in 
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artificial light it will still harden. When it shows signs of 
turning yellowish -green it should be discarded. 

This change is not always easy to detect ; a simple plan 
is tii have two identical bottles of the working-strength 
solution. When the bottle in use ceases to be indistinguishable 
in colour from the unused bottle, its contents are discarded 
and the second bottle is taken into use. The first bottle is 
refilled with fresh solution, and becomes the colour standard. 

Harmonising Harsh Negatives. Tliis is an exceedingly 
valuable process, as it combines intensification Of the shadows 
with reduction of the highlights, it is particularly helpful 
when dealing with a negative that has been slightly under- 
exposed and then over- developed. 

The procedure is simply that of chromium intensification 
[see iKTiiNsti-KATiox), except that redevelopment is only 
partial, ft is continued until the shadows and medium half- 
tones are redeveloped right through (and consequently inten- 
sified) but is interrupted by fixing the negative while the 
highlights are still incompletely re-lilaekened. As the hypo 
dissolves out the still undeveloped parts of the image, the 
denser portions of the negative are effectually reduced. 

If reduction of the denser parts without intensification of 
the shadows is desired, a ferncyanide and bromide bleacher 
as used for sulphide toning (see Toning) should be used in 
place of the bleacher indicated above. 

Warning. The loss of strength in the hypo is greater than 
the inexperienced worker generally expects. Those about to 
use the process fur the first time should experiment first with a 
waste negative, or they may seriously misjudge the extent of 
re - de v el opmc n t . 

Heat Filter. A filter placed between lamp and. condenser 
in a projector {or enlarger) to aid in keeping condenser and 
transparency (or negative) cool. A cell filled with water has 
been used in the past, but the modern type of heat-filter con- 
sists of a sheet of special heat-resisting glass about a quarter of 
an inch thick. To prevent it from cracking, the glass is 
generally divided up into a series of parallel strips about half 
an inch" wide, with their edges in contact. If placed close 
against the condenser, no image of the lines between strips 
will appear on the screen. 

It may be added that no heat filter can be really effective 
unless adequate ventilation of the parts to he kept cool is 
provided. The light-chamber must always be so designed that 
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there is a continuous current of air through it (maintained in 
motion by the heat of the lamp) and some part at least of the 
entering air should be constrained to pass over the condenser 
or transparency. (See Pkojector and En-larger). 

Hecto-. Prefix used in the metric system (if. v.) to signify 
" one hundred." For example, a hectolitre is a hundred litres. 
Hcliography. An old name for photography. 
High Lights. The brightest parts of a picture, which are 
represented by the greatest density in the negative, as the 
face in portraits, the sky and other bright portions in the 
landscape. 

History of Photography. See Photography. 

Hood. See Lens-Hood. 

Horizontal Enlurger. See Ex la kg inc. 

Hyalngraphy, Photographic (ia\„r, glass or crystal). 
Numerous processes for photographic etching on glass' have 
been known by this name. The following is a simple method, 
giving good results. Paper is coated with the following :— 

Water ro parts. 

Sugar i part. 

Gum arabic . , . . . i ,, 

Ammonium bichromate . . r ,, 

Expose under a transparency and dust with fine bitumen, as 
in powder process [if. v.). Transfer to warm glass so as to 
soften bitumen, soak off paper, dry glass, and etch with 
vapour of hydrolluoric acid. (See Glass, Hukxt-IX Piioto- 

GlIAfllS OS.) 

Hydrate. A chemical compound containing water. 
Generally applied to crystals in which the water is present as 
" water of crystallisation." For example, crystalline sodium 
carbonate, NaX0 3 ioH 5 0, may he referred to a's " the hydrate " 
when contrasting it with the anhydrous salt. It must not 
be assumed that all crystals are hydrates ; many contain no 
water. 

At one time " hydrate" was often used to mean " hydr- 
oxide " (tj.; -.). but this usage is now considered incorrect. 

Hydrochinon. See Hvuroouinoni;. 

Hydrochloric Acid (Fr., Acidc chlorhydrique ; Ital., Atido 
chloridrioo ; Ger. p Chlormisscrstoffsd-.tre ; Saksdurc). Syn- 
onyms : Muriatic acid, spirits of salts. Solution in water of 
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the gas hydrogen chloride HC1. A solution saturated at 
15 0 C. contains 44.3 per cent, of pure HC1, hut the strongest 
acid normally sold is a little weaker, containing about 36 to 
3S per cent, of the gas (density =. I- itj). It can be made by 
decomposing common salt with sulphuric acid. Reacts with 
alkalies and bases to form chlorides. 

Its chief photographic use is in a bichromate bleacher for 
intensification or toning, and for cleaning dishes and uthcr 
utensils. For the latter use the yellowish commercial acid is 
pure enough. 

Store m a bottle with fthiss stopper The com eutruted acid 
will attack mouth, throat or eyes, but is harmless to whole 
skin if not left on it too long. 

Hydrogen. 11 = 1. A gaseous element of very frequent 
occurrence in nature in a combined state, especially in the form 
of water. It is taken as the unit of atomic weights. It is the 
lightest dement known, and is a major constituent of coal gas. 
The prefix hydro- or hydr- of chemical names is often a 
secondary derivative, from hydrogen. 

Hydrogen Peroxide (Fr., Eau oxygenic ; Ital., Act/iia 
ossigaiata ; G cr. , Wasserstoffsupcroxyd). H.O. = 34. Syno- 
nyms : Bioxygcn, Hydrogen dioxide. The usual " 20- volume " 
solution, which on decomposition of the HjO. would give 
20 times its own volume of oxygen, is approximately a 6 per 
cent, solution of pure K.O.. "it is a powerful oxidising and 
Ule.uliin;. agent. Its rluei photographic use is as a hypo- 
eliminator (</.:•.). 

Store in a cool place, in incompletely tilled bottles riot too 
tightly stoppered. Neutral or acid solutions of hydrogen 
peroxide, or their vapours, will fog undeveloped sensitive 
materials. 

Hydrokinone. See KvDiiOoutxo^K, 

Hydrometer, The hydrometer is a spindle -like tloat, 
generally made of glass, and with a graduated stem which 
indicates the specific gravity of a liquid by the depth to 
which it sinks. Hydrometers, graduated for special use so 
as to give directly the strengths of alcohol, ether, acids, or 
saline solutions, can be obtained from dealers in chemical 
apparatus ; but the most generally useful graduation is that 
which gives the specific gravity. 
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Hydroqulnone (Fr., Hydroquinone ; Ital., Idrochitiane : 
Ger., Hydrochinon). C e H 4 (OH) t =?tO. Synonyms: Hy- 
drokinone, Hydrochinon, Ouinol. Clieraical name : Paradi- 
hvdroxybcn/ene. White crystalline needles, darkening slowly 
on exposure to air. Solubility : 4 -J,, per cent, in water o° C.,. 
to per cent, in water at 30- ; soluble also in alcohol, ether, 
and glycerine. It is allied to pyrogallol in chemical compo- 
sition, pyro being a tri hydroxy ben zene, C 0 H 3 (UH) 3 . ft 
is one of the most inexpensive, developing agents, and is 
very widely used. By itself it is chiefly used in " high- 
contrast " developers for process plates, for which its low 
Watkins factor, high, sensitivity to bromide, and clean working 
make it specially fitted. It is also largely used for producing 
warm tones on C h I oro bromide papers. With a small addition 
of metol it makes the enormously popular " M-Q " universal 
developer, which rives excellent results with plates, films, 
lantern-slides, ant! development papers of every type, its 
main disadvantage is that it rapidly loses energy with falling 
temperature. Chlor-liydroquinune "(see under iJulorouixol) 
and brom-hydroquinoiie, both of which have been sold under 
the trade name " Adurol," are comparatively free from this 
defect. Hydrotpiiuoue is very prune to produce aerial fog 
(see Foe) and developers containing it should not be used for 
see-saw or drum development unless the film is first desen- 
sitised, which prevents this form of fog. (See Development.} 

Hydroxide. Substance containing a hydroxyl (OH) 
group that is capable o£ being replaced by an acid radical. 
If soluble, a metallic or pseudo-metallic hydroxide gives a 
strongly alkaline solution. Ammonia, caustic soda, arid 
quicklime (calcium hydroxide) are typical of the soluble 
hydroxides. 

Hyperfocal Distance. If a lens is accurately focused on 
an extremely distant object, then the nearest object whoso 
image is sufficiently sharp on the film is situated at the hyper- 
focal distance. Besides depending on the focal length and 
aperture of the lens, the exact value of the hyperfocal distance 
evidently depends on what is considered " suificiently sharp." 

The degree of sharpness reached is generally described in 
terms of the " circle of confusion." If a mathematical point 
is photographed, the image, if exactly focused by a perfect 
lens, will also be a point. Some departure from mathematical 
perfection is, however, permissible before the image becomes 
noticeably blurred, and if the focusing is so far inexact that 
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the point of light is represented by a small blurred disc of 
diameter jjj, in., the blur resulting is said to be that 
corresponding to a circle of confusion of r £» in. 

If the diameter of this circle is represented by C, then when 
the lens is focused for infinity the distance from the camera 
of an object so far out of focus that each point on it is repre- 
sented by a circle of diameter C will be given by — 



Where / — focal length of lens 

jj = //number of stop in use. 
The distance H found frum tlie above formula is the hyper- 
focal distance. In using the formula, H,/ ( and C must nil be 
expressed in the same units. 

It should specially be noticed that the formula just given 
is the fundamental one. Nothing other than basic optical 
laws has been assumed in rinding it, and it applies in every 
case. This is stressed because various formuke for finding 
hyperfocal distance appear in photographic literature, and at 
first sight some of tliem seem inconsistent with that above, 
fn fact, all such formula; are derived from the one just given 
by replacing C (which is perfectly general) by someone's idea 
of what value the circle of confusion should have for the type 
of work he has in mind. Such formula- arc perfectly legitimate, 
and are often very valuable for the purpose for which they were 
designed, but unless the assumptions made in them are clearly 
realized, it is only too easy to apply them unwittingly to 
circumstances which they do not fit. If in doubt, go straight 
back to the formula above ; it may be more troublesome to 
apply, but it is always safe. 

We proceed to derive some alternative formula? for special 
cases ; the applications, and limitations, of each are clearly 
explained. In all such formula-, the diameter of the circle 
of confusion is chosen to suit the type of work in mind. 

It was usual, in the days when negatives were printed 
exclusively by contact, to take as a criterion of " sufficiently 
sharp " that a point should not spread to a disc greater in 
diameter than f } lT! in., on the grounds tliat the amount of 
blur so produced was just barely perceptible to the eye at 
the normal viewing distance of some 10 ins. Now that 
nearly all negatives arc enlarged, it is perhaps more profitable 
to set the limit of sharpness on the enlargement rather than on 
the negative, so that the smaller the negative the higher is the 
standard of sharpness demanded on the negative itself. 
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To find the corresponding circle of confusion on the actual 
negative, it is necessary to divide the circle to be permitted 
on the enlargement by the degree of enlargement reeded ; 
if D is the diagonal of the enlargement, and d that of the 
negative, the degree of enlargement will be Did. The above 
formula now becomes : — 

Where C is now the circle of confusion to be permitted on 
the enlargement. Once again, all quantities must be in the 
same units. 

If wc accept the convention that the circle of confusion niiiy 
be , ;„., in. in the largest print likely to be viewed in the hand, 
and measure the focal length of the lens and the diagonal 
of the negative both in inches, the formula becomes : — 

H = f) x IooD ft. 
»d 12 

The value of the factor IO °^ now depends only on the size 

of enlargement. Putting k for I0 ^' wc find the following 

figures for fi, according to the size of print to be made : — 

Sire of Privt. />'. 

[2 x 10 ins 130 

ro x S „ 108 

8!k 61 89 

7*5 72 

61 x 4; 67 

The formula for hyperfocal distance then simplifies down to 

and ti is simply regarded as a figure to be adjusted to give 
whatever standard of definition we require. It is to be noted 
that in using the above formula we are making automatic 
allowance for the extra enlargement required by a smaller 
negative, and hyperfocal distances calculated from it are such 
that a contact print from a whole-plate negative, and whole- 
plate enlargements from a 3 X 4 cm. miniature negative, will 
show the same falling-ofi of definition at the hyperfocal 
distance. 

The formula just given can be applied to every case, in- 
chiding that of a lens of exceptionally long or exceptionally 
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short focal length for the size of negative made. In all 
ordinary cameras with one no n -interchangeable lens, the focal 
length of the lens fitted is about equal to the diagonal of the 
negative. For such cases the even simpler formula 

H = */ ft. 

may be used. It is used as the basis of the table of hyperfocal 
distances on page 373. 

Another convention not infrequently adopted in finding 
the hyperfocal distance is to assume that the degree of en- 
largement used will in all cases be such as to give a print 
which, viewed at 10 inches, will correctly reproduce the 
perspective of the original scene. To satisfy this condition, 
the degree of enlargement must always he io4- f, where / is the 
focal length, in inches, of the lens used to take the photograph. 
If the circle of confusion permitted on the enlargement is 
1 /rootli inch, that on the negative will then be /Tooo. and 
the formula for hyperfocal distance becomes : 

H = '°— f 

where H and / are both in inches. 

For calculation it is more convenient to assume a circle of 
confusion, on the print, of t. 120th inch,, making the formula 
H — noofjn inches, or 

H = 2& feet. 
v. 

This, it will be observed, is practicallv identical with the 
formula H — kfjn given above, but it is now taken to apply 
to fiwv case, and not only to those where the focal length 
of the lens is equal to the diagonal of the negative. 

Note tliat the " correct perspective " formula implies that 
whole-plate prints will habitually be made from quarter-plate 
negatives taken with a 5 -inch lens, but that if a 12 -inch, 
telephoto is put into the camera in place of the usual lens, 
the final print will be made by reduction instead of enlargement, 
and will have a size of about 3 A- x 2 \ ins. It it is considered 
likely that the print will still be made by enlargement to whole- 
plate size, the formula H -= /tp/'iid, as given above, will be the 
correct one to choose. 

Besides marking the nearest point in focus when the camera 
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is focused on infinity, the hypcrfocal distance is the first figure 

required in making out a depth of focus table. (See Df.ptii 
of Focus.) In particular, it should be noted that if a lens 
is focused on the hypcrfocal distance for the stop in use, 
objects are sharp from half the hypcrfocal distance to infinity. 

Table of Hypcrfocal Distances. — The table of hypcrfocal 
distances opposite is calculated for the rather high standard of 
definition obtained by taking It = 108 in the above formula. 
It is the standard adopted by one of the leading makers of 
35-mm. miniature cameras. If the highest standard of defini- 
tion is not required, or if the lens in use is not capable of giving 
negatives yielding 10 x 8 -inch enlargements that look as sharp 
as contact prints when examined at ten to twelve inches from 
the eye, it will be convenient to take for practical use a smaller 
figure for hypcrfocal distance than is given in the table. This 
is most readily done by taking as the hypcrfocal distance for 
any Stop the figure given in the table for one stop smaller. 
(For example, the hyperfocal distance for a 3-inch lens at //5 .6 
may be taken as 40 feet, the figure given in the table for f/S. 
This is equivalent to altering k from 108 to 76.5). 

As it is impossible to allow in such a table for the use of a 
lens on negatives of different sizes, it is throughout assumed 
that the focal length of the lens is equal to the diagonal of the 
negative (i.e. f/d — 1). This is approximately true in all 
cameras using a lens of " normal "focal length, and it is to stteli 
cameras that the table applies. 

It does not apply to a lens used as a long-focus or wide-angle 
lens. In all such cases the hyperfocal distance given in the 
table must be, multiplied by the ratio f/d. If, for example, a 
13-5-cm. lens were used on a 3 x 4 cm. negative (diagonal = 

g cm.) the hyperfocal distance to be taken in practice is I3 _' S 



or 2' 7 times that given in the table. This allows for the much 
more precise focusing required on the small film as compared 
with the quarter-plate negative (diagonal = 5- 35 ins.) for 
which the focal length 13-5 cm. (5^ ins.) is " normal." 

Finally, it may be emphasized that the figure calculated for 
hyperfocal distance need not be taken with too literal an 
exactness. A change in the standard of " sufficient sharpness " 
that would pass unnoticed in practical work would change 
the figure for hypcrfocal distance quite considerably. 
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Hypersensitislng. Anv process used to enhance the 
speed of a plate or film is known as hypersensitismg. Panchro- 
matic, material can be hypersensitised by immersing tor about 
g minutes in : — 

Alcohol (go per cent.) .... 8 parts. 

Ammonia (-S8o) ..... r part. 

Water to 33 parts. 

The plate or film should be dried as quickly as possible in 
absolute darkness, and used within a few hours. The speed 
can often be doubled (increased by 3° Scheiner) in this way, 
but there is a distinct tendency to fo(j. 

Mercury vapour has recently been recommended for hyper- 
sensitising, the film being exposed for from 24 hours to 3 "days 
to the vapour of mercury. This is most easily done by en- 
closing the film in a light-tight and practically air-tight 
container together with a drop or two of mercury, lioll 
film may be treated without unrolling ; the vapour penetrates 
the backing paper quite readily. The time of hypersensi Using 
has, however, to be about doubled. It is specially noteworthy 
that mercury hypersensitisation may be applied to the exposed 
film, when it has at least as much effect as if the film had been 
hypersensitised before exposure. The effect of the treatment 
lasts for a week ot two. Unfortunately results do not appear 
to be consistent; some workers have found very large in- 
creases in speed, others at most a doubling, while others again 
have found that the treatment merely fogs the film. But it 
does seem to be established that hypcrsensitising by mercury, 
when successful, increases speed without in any way affecting 
colour-sensitivity, grain, or rate of development. 

More reliable is a process of hvpei sensitising recently worked 
out in the llford laboratories [Photographic journal, January, 
1041). This depends on exposing the film, after it has received 
the exposure that is to form the picture, for a prolonged period 
to an exceedingly weak light. The colour of the light used is 
of no importance. The time of exposure to the fogging light 
is, however, a very important factor, and for the maximum 
effect it should not be less than about half an hour. The 
intensity of the fogging light must be cut down, by means of 
filters, coloured or of neutral tint as convenient, to such a level 
that the fog-density produced on development is of the order 
of 0.18 to 0.20. 

The increase of speed is approximately four-fold (or six 
Schemer degrees) and though there is some falsification of tone 
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values, the overall contrast is not much changed. Colour- 
rendering is unaffected. 

It is specially to be noted that exposure for a briefer time to 
a brighter light yields a much smaller increase in speed, and 
that exposure to a logging light before making the main 
exposure, though it has often been advocated as a means of 
" overcoming the inertia," is totally ineffective. 

Hypo. The common fixing salt used in photography, or a 
solution of it in water. "Hypo" is an abbreviation of 
" hyposulphite of soda," the name applied to the fixing salt 
early last century, when its constitution was not understood. 
This salt has long been known to be a thiosulphate. (See 
Sodium Thiosulphati; ; also Fixing, Acid Fixing, and 
Hypo Eliminators.) 

Hypo Eliminator. A chemical which destroys hypo, the 
intention being either to render prolonged washing unnecessary 
or to get rid of any traces of hypo that may still remain after a 
moderate amount of washing has been done. 

The removal of all traces of hypo from a negative or print is 
commonly considered essential to permanence, and a great deal 
of endeavour lias been directed at various times to achieving 
this end without the necessity for prolonged and tedious wash- 
ing. There remains, however, no doubt that properly con- 
ducted washing, in running water or repeated changes, is the 
safest, if not the quickest, way of clearing negatives, on glass or 
film, of all the hypo they contain. (See Washing.) 

In case of need, the removal of hypo can be expedited by the 
use of an alkaline bath, which enables the hypo to diffuse more 
rapidly out of the gelatine. Although other alkalies will serve, 
ammonia is preferred as any remaining traces of it will evapor- 
ate from the negative on drying. After washing for 10 minutes 
in rapidly running water, the negatives arc bathed for 3 
minutes in a 0.3 per cent, solution of ammonia (1 part of 0.880 
ammonia to 100 parts of water), after which they should be 
washed again for two or three minutes. 

Alternatively, but less desirably, the negatives may be 
washed in repeated changes of water made just pink with 
potassium permanganate (about 1 part to 25,000 parts of 
water) until the pink colour is no longer discharged, 

It is now known that the paper, and possibly the baryta 
coating, of a print will retain hypo with such persistence that it 
is impossible to remove it completely by washing, no matter 
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how prolonged. The amount so retained is small, but is 
sufficient to cause eventual fading in any gaslight or chloro- 
bromide print, and probably also in a double-weight bromide 
print, even though a bromide print, on account of its coarser 
grain, is less susceptible to the effects of hypo. A single- 
weight bromide print, which retains less hypo than one on 
double-weight paper, can be adequately freed from hypo by 
sufficiently prolonged washing. 

To get rid of this retained hypo, it is necessary to destroy it 
chemically. This destruction, of course, results in the pro- 
duction of new sulphur compounds — usually tbionates or 
sulphates— and it is necessary to ensure that these also .are 
harmless to the image. It has been definitely established that 
an alkaline peroxide produces sulphate, which is harmless, and 
as a mixture of ammonia and hydrogen peroxide contains only 
substances that will volatilise away on drying the print, this 
combination should be used. A recommended formula 
{Kodak H.E.i.) is :— 

Water 775 c.c. ozs.) 

Hydrogen peroxide (10 vols.) . 125 c.c. (i\ ozs.) 
Ammonia, 3 per cent, . . 100 c.c. {2 ozs.) 

The 3 per cent, ammonia is prepared by diluting 1 part of 
0.S80 ammonia with water to make 10 parts. 

Prints are washed for half an hour {double-weight prints for 
1 hour) in water running fast enough to replace all the water 
in the washing- vessel once e\. f ery five minutes. The prints are 
then immersed in the above eliminator for 6 to 8 minutes, 
washed again for 10 minutes, and dried. One litre (35 ozs.) of 
H.E.i will treat some twelve S x 10 prints, after which it 
should be discarded. (See also Washing.) 
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Image. In the optical sense, a reproduction of an object 
formed by a lens or mirror. Two types of image exist ; the 
" real " image which can actually be received on a screen or a 
sensitive surface, and the " virtual " image which, though it 
can be seen by the eye or by a cavnera, cannot be received 
on a screen. The image in a " brilliant " finder or in a mirror 
is in this category. 

In the photographic sense, "image" is often used in 
reference to the deposit of silver (or other substance) by which 
the picture is formed. 

Image, Latent. An invisible image that can be revealed 
by development. An exposed but undeveloped film or print 
bears such an image. 

JIuch research has been directed to the elucidation of the 
nature of the latent image and of the mechanism by which it is 
formed. It has been shown that the sensitivity of an emulsion 
depends largely on the presence of specks or" nuclei of silver 
sulphide, and probably also of metallic silver, on the surfaces of 
the grains of silver halide. These nuclei are formed by the 
action of sulphur compounds present in the gelatine. Recent 
work has suggested that the light-qttfcnta absorbed daring 
exposure set free atoms of silver within the grain, and these 
atoms can move through the grain to the nucleus, so building 
it up until it is sufficiently large to enable development to take 
place. A more extended account of the Jlott and Gurncy 
theory will be found in the Twelfth Hurter and Driffield 
Memorial Lecture {Phot. Journal, February, ir^i, page 63). 
This paper also contains a brief bibliography of the subject, 
while a very full summary of the whole problem will he found 
In The Theory of the Photographic Process, by C. K. K. 3fees. 

Indlarubber Solution. This is used for edging plates or 
as a substratum for the collodion process, and also for 
mounting prints. Pure unvulcanised indiaxubbcr (sold as 
masticated rubber or " cut sheet ") may be dissolved in 
benzene, chloroform, or carbon disulphide, the two former 
being preferable, to make a 2 per cent, solution. 

Induction Period. Time elapsing between the application 
of a developer to an exposed emulsion and the first appearance 
of the image. 
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Inertia. The exposure corresponding to the point where 
the straight part of the characteristic curve of an emulsion, 
produced downwards, cuts the axis of exposure. It is the 
figure upon which the H D speed of the emulsion is 
based. (Sec Sf-xsitomethy.) 

Inertia, Regression of. Reduction of inertia, corre- 
sponding to increase of H & 1) speed, as development is more 
and more prolonged, This is behaviour characteristic of an 
emulsion, or a developer, containing free bromide. (See 
Skssitomktky.) 

Infra -red Photography. Photography by means of 
infra-red " light." To this radiation, which differs from red 
light only in being of longer wavelength, the human eye is 
not sensitive, but it can be detected by virtue of the energy 
it carries, which is manifested as heat when infra-red radiation 
is absorbed. 

Although invisible to the eye, infra-red light can Lie made 
to affect a plate or film by treating the latter with certain 
dyes, which is also the method used to render a plate sensitive 
to green, yellow and red light. These plates are meant for use 
only for photography in infra-red light, or by ordinary- light 
in conjunction with a filter passing infra-red. The following 
suggestions show some of the photographic uses to which this 
material can be put. 

It is well known that the moisture vapour normally present 
in the air scatters red light less than blue light, and infra-red 
light still less. Dust has the samu effect. If, therefore, we 
employ infra-red sensitive plates in conjunction with a lens- 
filter passing infra-red light only, we shall be able to penetrate 
haze much farther, and long-distance photography with a tele- 
photo or long-focus lens becomes comparatively easy. It is 
possible to take photographs in a room illuminated by means 
of infra-red light with high-power lamps and suitable filters, 
and, though the room is strongly lit with infra-red light, it is 
practically dark to the eye. In this case, of course, no filter is 
used with the lens. 

The most recent advances in sensitising plates for the infra- 
red have made it possible to photograph, in a darkened room 
or at night, by means of U Hash-bulb fired in a reflector the 
front of which is covered by an infra-red filter. To the eye, 
the Hash seems no brighter than a red dark-room lamp momen- 
tarily switched on, but if the Hash is some eight to ten feet 
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from the subject a fully-exposed negative will result if t lie lens 
is set at about f/4.3. 

Some objects, such as foliage, dyed materials, etc., behave 
quite differently when illuminated by ordinary light and by 
infra-red light. Foliage, for instance, reflects tile infra-red 
strongly, and hence appears dark on the negative and white 
on the print, so that trees, plants and fields when photographed 
in full sunlight appear as if covered with snow. This affords a 
valuable means of investigation by wliich natural or artificial 
differences between materials can be ascertained. Work on 
racial differentiation, investigation into spiritualistic phe- 
nomena, aerial photography, tissue penetration, etc., is in 
progress in various quarters. 

Infra-red photography is also proving of great value in 
assisting in the deciphering of ancient documents not legible 
by the unaided eye, and in detecting forgeries, unauthorized 
erasions and the like. 

It is most usual to employ an. infra-red filter. Tliis may be 
used in the form of gelatine film between the lens components, 
or as a sealed filter in front of the lens. As lenses are not 
normally corrected for infra-red light the focus is altered by 
this procedure, and it is necessary to scale the camera. Some 
help may be obtained by focusing with a red filter, such as the 
Iliord Tricolour Red, when an approximation to the correct 
position can be found. 

The photographic technique is precisely the same as for 
panchromatic plates, except that it is possible to employ a 
brighter green safelight of suitable composition. 

For further information, see PlwtourupJiv hy lnfra-Red. bv 
Walter Clark. 

(See also Light.) 

Ink Process. In the past several processes have been 
known tinder this name. The following is due to Lending. 

Prepare a f, per cent, solution of potassium bichromate, 
and render it neutral by adding ammonia, in every three 
parts of this dissolve 1 part of gum arabic, and filter. Spread 
this solution evenly over a sheet of nJbumeuised paper U/.v.) 
with the aid of a Blanc-hard brush. The paper should then 
be laid, film up, on a sheet of plate-glass, a good-sized pool 
of the solution poured on to it and made to cover it evenly, the 
excess poured off. and the paper hung up to dry. Expose 
behind a negative to daylight, the paper being then laid face 
downwards on water and allowed to soak [or some time with 
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repeated changing of the water, after which it is soaked in 
alum solution and again washed. It is then drawn over the 
surface of the following solution : — 

Pyrogallol ...... i part. 

Distilled water .... 50-80 parts. 

Or it may be floated on the solution for 2 minutes, then 
thorouglily washed and floated on 

Ferrous sulphate ..... 10 parts. 
Distilled water ..... 100 

and again washed. If not dark enough the process may be 
repeated. 

(See also Dhawings ritQM Photographs.) 

Inks. Indian In!;, used ' in carbon printing and other 
similar process, appears to contain a special fine lampblack. 

Ink for Writing on Celluloid. — Dissolve 10 gms, of ferric 
chloride in ij c.c. of acetone, and if, gms. of tannic acid in 
75 c.c. of acetone, and mix the two. This forms a quick-drying 
black ink that may be used with any clean pen, and will write 
on celluloid without spreading or flaking olf. 

Ink for Writing on Glass. — Two parts of ordinary shellac is 
dissolved in 14 parts of methylated spirit, and strained 
through muslin ; and to this is added, a little, at a time, and 
with agitation, a solution of 3 parts of borax in i.\ parts of 
water. The pigment or colour used should be mixed in with 
the borax solution ; Indian ink or any finely ground water 
colour being suitable. 

Indestructible Ink for Labels. — As above, with Indian ink as 



While Ink for Lantern Slides.— Chinese white, gum, and 
water to suitable consistency. 

The term " Ink " is also applied to the pigments employed 
in the oil and bromoil processes [a. v.). 

Instantaneous Photography. An old term applied to 
photography of any kind of subject taken by an "instan- 
taneous," or snapshot exposure, but perhaps more particularly 
to the photography of moving objects. Since practically all 
amateur work is now done with " instantaneous " exposures, 
the term has long since lost its specialised meaning. (See 
Cameras ; Moving Objects, Photography of ; Flash- 
Gun ; Shutter.) 
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Instantaneous Shutters. See Shutter. 

Intensification. Any process by- which the intensity, 
actual or effective, of the photographic image can be increased. 
The usual methods depend on adding further material to the 
image already present, and the process is ordinarily applied to 
negatives in which the contrast is insufficient. 

Lack of contrast may lie («) general, throughout all tones, 
or (b) restricted largely to tile shadow regions of the picture. 
Case (it) is representative of under-development . and the 
chromium intensifier is now the usual remedy. It is both 
reliable and effective. Case (6) is typical of slight under- 
exposure, and though there is no complete remedy, the uranium 
intensificr, winch intensifies the shadows more' rapidly than 
the half-tones and highlights, is more effective than any 
alternative treatment. 

Intensification ami its opposite, reduction, were freely 
resorted to at one time, but now that most papers are available 
in several contrast-grades it is no longer necessary to adjust 
the contrast of the negative to suit the paper. Instead, the 
paper is chosen to suit the negative, and intensification is in 
consequence but rarely required. 

A negative to be intensified must be fully fixed, for any 
unused silver compounds that may remain will be intensified 
along with the image. It is very desirable to re-fix the negative 
in fresh hypo and to wash thoroughly before intensification by 
any process is attempted. 

Chromium Intensificr. — This is one of the simplest and most 
controllable processes of all, and has the advantage that small 
traces of hypo remaining in the negative are harmless. It can 
be used also to darken bromide prints that are too light. 

A. Potassium bichromate . I oz. (50 gms.) 
Water to . , .20 ozs. (1,000 c.c.) 

B. Hydrochloric acid . . 2 ozs, (100 c.c.) 
Water to . . . 20 ,, (1,000 c.c.) 

The negative or print is first bleached in a mixture of A and 
B, the proportions taken depending on the amount of in- 
tensification desired. Intensification is greatest when the 
amount of B is so small that bleaching is very slow, and 
decreases as more B is used. For tise A is diluted with six 
times its volume of water, and an amount of B varying from 
one-quarter to four times the amount of A is added. 

When the negative or print is fully bleached a yellow-buff 
image remains, but there is no black in it. The bulk of the 
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yellow stain is washed out with successive changes of water, 
and the final traces removed by one or two successive baths of 
a dilute (about i per cent,) solution of potassium mctabi- 
sulphite. After two more changes of water, the image is 
exposed to diffused daylight or bright artificial light, and 
redeveloped in a developer containing a minimum amount of 
sulphite. A line-grain developer is unsuitable, as the sulphite 
in it will partially dissolve the bleached image. 

If the first application of the process does not produce 
sufficient darkening, the negative or print may be intensified 
a second time. With bromide or gaslight prints, the colour 
obtained is normally a good rich black, and the process may 
be used (with much hydrochloric acid in the bleacher) to 
improve the colour of an otherwise satisfactory print. 

Uranium Intensification. — This process, particularly valuable 
incases of slight under exposure, depends on tuning the image 
to a bright reddish-brown. It is a single-solution process, and 
should normally not lie carried to completion, or the pre- 
ferential action on the shadows will be lost. 

The following is the llford formula, and requires two 
stock solutions : — 

A. Uranyl nitrate . . . Jou grs. (i2 sms.) 
Water to 20 02s. (1000 c.c.) 

B. Potassium femcyunide -ioo grs. (22 gms.) 
Water to . . . 20 o/s. (1000 c.c.) 

For use, take 4 parts each of A and B, and add 1 part of glacial 
acetic acid. 

In this mixture the negative rapidly becomes more opaque 
and brownish in colour. When intensification is sulbcient, 
the negative is washed in successive changes of stilt water to 
remove the yellow stain. It is advisable to make the wash- 
water slightly acid by the addition of a trace of acetic acid, 
as tap water, which is usually faintly alkaline, will dissolve the 
intensification. 

If intensification bis been carried too far. the negative can 
be restored to its original condition by treatment in weak 
sodium carbonate solution, followed, after washing, by im- 
mersion m any normal developer not of fine-gram type. After 
further thorough washing, intensification may be repeated. 

Silver Intensification, — This process, due to J. B. B. Welling- 
ton, is similar in its action to physical development. (See 
Fine-Grain Development.) 

38-; 



Jn.tonsi.fl c £itl o n 



The negative is given 5 minutes in a preliminary bath of 
1 part of formalin to 10 parts of water. This bath may be 
kept as a stock solution, and used over and over again. After 
8 few minutes' rinsing, the negative is placed in the following 
for exactly 1 minute. 

Potassium bichromate . r gr. (o- 1 gm.) 

Potassium bromide . . 20 gTS. (2-3 gms.) 

Hydrochloric acid . . 60 mins. (6-25 c.c.) 

Water . . . . .20 ozs. (1,000 c.c.) 

Too long an immersion causes the image to bleach, which 
must be avoided if we desire to retain the original gradation. 
After a few minutes' rinsing the negative is ready for the 
intensifying solution. 

The intensifier may be kept in the form of two stock 
solutions, which will keep good for years. 

A. 

Silver nitrate . . . 800 grs. (90 gms.) 
Water (distilled) up to . . 20 ozs. (1,000 c.c.) 

B. 

Ammonium thiocyanate . 1,400 grs. (160 gms.) 

Hypo ..... 1,400 ,, (i&o gms.) 

Water up to . . . .20 ozs. (1,000 c.c.) 

To 4 parts of B add, with vigorous stirring, 4 parts of A. 
This should give a clear solution. Then add 1 part of 10 per 
cent, pyro solution (preserved with sulphite) and 2 parts of 
10 per cent, ammonia. The negative is laid in a chemically 
clean dish, and the silver solution poured over it. The 
deposition of the silver begins to take place in a minute or two, 
and the image gradually gains in strength. As soon as 
sufficient density is acquired, the negative is placed in an 
acid fixing bath until the slight pyro stain is removed, and is 
then well washed as usual. It is well to rub the surface of the 
film with a tuft of cotton- wool at some time during the washing, 
to remove a light surface deposit which will be found upon it. 

Mercury Intensification. — In the usual form of this process 
the negative is first bleached in an acidified solution of mercuric 
chloride, after which it is darkened in any one of a number of 
darkening agents, according to the degree of intensification 
desired. The bleaching solution is : — 

Mercuric chloride . . , 175 grs. (20 gms.) 
Hydrochloric acid . . go mins. (10 c.c.) 

Water to . . .20 ozs. (1,000 c.c.) 
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The hydrochloric acid should be poured on the powdered 
mercuric chloride, and the water then added. The solution 
keeps well, and may be used as long as it continues to bleach. 
When bleached, wash the negative in several changes, and then 
give two or three successive baths of 1 per cent, hydrochloric 
acid, followed by several more changes of water. 

The following darkening solutions can be used ; they are 
arranged in increasing order of effect. 

r. 

Sodium sulphite (cryst.) 1,450 grs. (1G5 gms,) 

Water 20 ozs. {1,000 c.c.) 

II. 

Any non-staining developer. 

III. 

Ammonia (0 880) , . . 1 oz. (50 c,c) 
Water 20 ozs. (1,000 c,c) 

IV. 

Potassium cyanide . . 22 grs, (2-5 gms.) 

Potassium iodide . . . 22 ,, (2 5 gms.) 

Mercuric chloride . . 22 „ (2-5 gms.) 

Distilled water , . .20 ozs. (1,000 c,c.) 

When the negative is first placed in this, it turns first bright 
yellow, then a much darker brown. At this stage intensifica- 
tion is very great ; for less extreme results, the negative 
should be left in the solution till it turns a lighter brown. 

If II (a developer) is used for darkening, the whole process 
of intensification can be repeated if tbe first application does 
not give a sufficient increase in contrast. With amidol the 
intensification is ■■ proportional " — that is, it involves no 
falsification of the relative tone-values. 

A negative darkened in III is not very permanent, and in 
addition the tone-values are considerably falsified and shadow- 
detail tends to vanish. Greater permanence, and about the 
same degree of intensification, can be secured by darkening 
in either Ilia or Illb. 

Ilia (Monckhoven's Intensifier). 

A. Silver nitrate . . 350 grs. (40 gms.) 
Distilled water . . 20 ozs. (1,000 c.c.) 

B. Potassium cyanide . , 350 grs, (40 gms.) 
Distilled water . . 2002s. (1,000 c.c.) 
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Add B gradually to A, shaking well after each addition, till 
only a small quantity of the whole flocculent precipitate 
remains. It is important that this should not all be redis- 
solved. This solution attacks shadow detail and should there- 
fore only be used for the intensification of line subjects. 

Illb. 

Sodium tliioantimonate 

(Schlippe's salt) . . . 220 grs. (25 gms.) 

Ammonia (0-880) . . . 120 mins. (12-5 c.c.) 

Water ..... 20 ozs. (1,000 c.c.) 

This gives a bright reddish-brown negative. A 1 per cent, 
solution of sodium sulphide gives a very similar result, though 
as the colour is less warm, the effective intensification is not so 
great. 

Mercuric Iodide Ititeiisijicr.- — A single-solution mercury 
intensifier can be made up as follows (Lumiere formula) :- — 

Sodium sulphite (anhydr.) . SSo grs. (iqo gms.) 
Mercuric iodide . . . 90 „ (10 gms.) 
Water ..... 20 ozs. (1,000 c.c.) 

Dissolve in order, and keep in the dark. In this solution the 
image gradually gains in intensity ; the action can be watched 
and stopped at any desired stage. Thorough elimination of 
hypo before intensification is not necessary, An intensified 
negative is not very permanent, but may be made so by 
treating for a short while in any non-staining developer or by 
immersion for a few minutes in 1 per cent, sodium sulphide 
solution. "Unless treated in one of these ways, the intensifi- 
cation may all be removed by treatment with 40 per cent, 
hypo solution. Owing to the fact that the shadows are intensi- 
fied more than the high lights, this process is particularly 
valuable in cases of slight under-exposure. 

Copper Intensifier,— This process gives very great intensifi- 
cation, and is suitable for line subjects or ordinary negatives 
on which the image is a mere ghost. 

A. Copper sulphate . . 90 grs. (10 gms.) 
Acetic acid (glacial) . 540 mins. (56 c.c.) 
Water to . . .20 ozs. (1,000 c.c.) 

B. Potassium iodide . . 90 grs. (10 gms.) 
Ammonia (o'88o) . . 1 oz. (50 c.c.) 
Water to . . .10 ozs. (500 c.c.) 
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The negative is bleached in A, i parts ; B, i part ; on 
mixing the solution develops heat ; it should not be used till 
coal. The mixture should be faintly acid ; if it will not turn 
blue litmus paper faintly red, acid more acetic acid until it 
does. The solution is perfectly stable and can be used re- 
peatedly till exhausted. 

The bleached negative must be washed for 20 minutes in 
running water. It should then be hardened in alum or 
formalin, washed, and darkened in :— 



Stiver nitrate 
Sodium acetate 
Water . 



. 22 grs. (2-5 gms.) 
90 ,, (to gms.) 
20 023, (1,000 c,c.) 



After washing, the negative is soaked for 2 minutes in a 
1 per cent, solution of ammonia, rinsed, and finally darkened 
in a solution of sodium hydrosulphite or in an amidol developer 
made alkaline by the addition of a little sodium carbonate. 

Lead I ntcnsificr. — Like the copper intensifier, this gives 
very great increase in density. Bleach in the following (Callier 
formula) : — 

Potassium ferri cyanide . . 360 grs. (40 gms.) 
Lead nitrate .... 520 ,, (60 gms.) 
Acetic acid (glacial) . . 180 mins. (18-7 c.c.) 
Water to . . .20 ozs. (1,000 ex.) 

After bleaching, pass through three or four successive bat lis 
of 3 per cent, hydrochloric acid, allowing 5 minutes in each. 
Then wash till the image is white, and darken in a weak 
solution (about 1 per cent.) of ammonium sulphide. 

Intensification by Toning.— The colour imparted bv the 
ordinary sulphide toning process will add to the effective 
density of a negative. Bleach in ;- — 

Potassium fcrricyanidc . . 440 grs. (50 gms.) 
Potassium bromide . , 440 „ (50 gms.) 
Water ..... 20 ozs. (1,000 c.c.) 

Wash till free from stain, and darken in a I per cent, solution 
of sodium sulphide. Wash and dry. 

Local Intensification. — Any intensifier can be applied locally 
by means of a brush. The work is hest done on a retouching 
desk, and the application of bleacher and redevelopcr must be 
watched carefully so that the former does not run on to other 
parts of the negative. Local treatment of this kind can also 
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be carried out successfully by painting an acid-proof varnish 
over all parts of the negative not requiring intensifying, and 
then treating the entire negative with the intensilicr. 

Intensifying Lantern Slides and Prints, Practically all 
the above methods of intensification can be applied to lantern 
slides as well as negatives. Bromide and gaslight prints can 
also be intensified by the methods of bleaching and redevelop- 
ment given above. (Sec also Toning.) 



on a sample of film, these exposures may be (nj made to light 
of constant intensity, but for different times or (6) made all 
for the same time, but to light of different intensities. The 
first gives a " time scale " of exposures, the second an " in- 
tensity scale." Owing to the fact that the reciprocity law 
(q.v.) is not exactly obeyed by photographic materials, the 
two types of scale give different results. The ordinary test- 
strip, made by exposing for I, i, 4, 8 . . . etc. seconds, is 
made on a time scale, while a strip of film or paper exposed 
under a step-wedge is made on an intensity scale. Modern 
sensitometry is based on an intensity scale, which more nearly 
reproduces the conditions of practical photography. 

Interiors. See Architectural Photography. 

Inter mitten cy Effect. It an exposure is given in a 
number of brief instalments the resulting density is not usually 
the same as that which would be given by an equal amount of 
light energy in one continuous exposure. The effect produced 
by an intermittent exposure lies between those produced by 
two nominally equivalent continuous exposures, one of short 
duration and intensity equal to the Hash period of the inter- 
mittent exposure, and the other of longer duration and in- 
tensity equal to the average intensity of the intermittent 
exposure. The effect is a manifestation of the failure of the 
reciprocity law. 

For further details, sec The Theory of the Photographic 
Process, by C. E. K. Mees. 

Inverse Squares, Law of. If a surface is illuminated by 
a point source of light, the intensity of illumination at the 
surface is inversely proportional to the square of its distance 
from the light. If at 1 ft. from a lamp an exposure of 10 sees, 
is necessary in making a bromide print by contact, the ex- 
posures needed at 2, 3 and 4 ft. from the lamp will be 40, 90, 




and 160 sees, respectively. 
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Tliis taw only holds for undirected light — i.r., in the absence 
of any reflector or condenser. For directed light, tin- rate of 
diminution of intensity With increasing distance depends on 
the rate of divergence of the beam. For a parallel beam, as of 
.1 searchlight, intensity is the same at all <listam.es except for 
absorption by the intervening air. 

Invisible Rays. Term sometimes applied to radiations, 
such as infra-red or ultra-violet light, whose wavelength falls 
outside the visible spectrum. (See also Radiograph v.) 

Iodine. (Fr., lode ; Ital., lodio ; Ger., Jod or Iod). I = 127. 
One of the halogen elements. Is obtained from Chile, and 
appears commercially in metallic bluish-grey scales. Solu- 
bility : 1 in 7,000 of water, 1 in 1 2 of alcohol, 1 in 4 of ether ; 
very soluble in a solution of any alkaline iodide. One part 
of iodine and 1 part of potassium iodide will dissolve in 2 parts 
of distilled water. The element itself is of less photographic 
use than its compounds, but finds a place occasionally in 
bleachers or reducers. 

I.R. Abbreviation for " infra-red." (See Light.) 

Iris Diaphragm. See Diaphragm. 

Iris Mount. Term used to describe a lens-mount in which 
the thread for the flange is at the back of the lens, so that the 
lens projects considerably from the lens-panel. The incor- 
poration of an iris diaphragm is, of course, taken for granted. 

Iron Printing Processes. See Amphttype, Cyanotype, 
Ink Brock ss, Kallitype, Platixotypt: and Sepia Paper. 

Iron Salts. The following will be found under their 
respective names :— 

Ferric ammonium citrate. Ferrous oxalate, 
ammonium oxalate. ,, sulphate, 

chloride. 

Ferric ammonium sulphate will be found under Alum, 

Irradiation. Spreading of light in an emulsion during 
exposure. If a photograph is taken of a small bright object 
against a dark background, the image of the bright object, 
falling on the white opaque surface of the film, acts during 
exposure as a secondary light-source, reflecting and scattering 
light into neighbouring parts of the picture. In large-scale 
photography the effect of irradiation is negligible, but in 
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cinematography or miniature-camera still photography the 
scattered light can cause an appreciable loss of sharpness. 
It is liable to occur wherever there is violent contrast between 
light and dark, and is accentuated by too generous an exposure. 
As can be seen, the thicker the emulsion layer on the him the 
greater the scattering effect of a brightly-lit image. Special 
" thin-film " films, of low speed and high resolution, are 
available for miniature camera work. The reversal emulsions 
used for amateur cinematography are also thinly coated. 
(See also Halation.) 

Isochromatic. See OitTiiociiROMATtc. 

Ivory. The teeth and tusks of the elephant and walrus. 
Photo graphs can be obtained on ivory by coating with an 
emulsion, or by transfer as in the carbon process. Various 
artificial substitutes have been used, such as insoluble gelatine 
or celluloid containing a white pigment. 

Ivory Black. Made by calcining ivory in closed crucibles. 
Used as an ingredient for black varnish and as a pigment. 

Ivorytypc, or Eburncum Process. Terms which have 
been applied to several photographic processes in which the 
positive or print is on a surface resembling ivory. In one 
method, a carbon or collodion transparency was produced 
upon a plate of waxed glass, and the glass being levelled with 
the positive uppermost, the following mixture was poured 
on :— Gelatine, i o parts in 40 parts of water ; melt and stir in 
j parts of zinc white and 1 part of glycerine. When the 
gelatinous film is dry the edges can be cut round with a knife, 
and the whole stripped from the glass. 
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Japanese Tissue. A Japanese paper or vellum having 
a fibrous unsized surface and requiring little preparation for 
photographic use. It can be employed as a base for silver, 
carbon, carbro, gum, and oil or bromoil transfer prints with 
considerable success. It is also very suited for etching, wood- 
block printing and photogravure. 

Jelly for Enlarging Easel. It is convenient to coat the 
easel of a horizontal en Larger with a jelly to which the paper 
will adhere during exposure. The jelly used for " jellygraph " 
duplicators, which can be bought ready prepared, is usually 
effective. A similar preparation can he made by putting I J oz. 
(57 gms.) of leaf gelatine to soak in water overnight in a jam 
pot. In the morning pour off the water, pour in H oz. (320 c.c.) 
of glycerine, stand in a saucepan of water and heat up till 
dissolved. Stir in a few drops of oil of cloves to act as pre- 
servative, and pour the solution into a iiat metal tray to set. 
This gives a smooth surface to which paper will adhere on 
being firmly rubbed down with the hand or a clean cloth. 

Jena Glass. See Glass, and Lens. 

Judging Distances. See Hand Camera Work. 
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K.— Temperatures are often expressed in degrees of tlic 
Kelvin scale ; thus, 3000° K. i his scale, named after Lord 
Kelvin, is the same as the Absolute scale (j/.t 1 .). 

Kallitype. A printing process invented by W. W. Nicol, 
the principle of which is that ferric salts are reduced by light 
to ferrous, and in this condition can reduce to the metallic 
state a soluble silver salt. The kallitype process is based on 
the same reactions, and involves much the same methods of 
working, as the better-known platinotype process. The only 
fundamental difference between the two is that in kallitype 
the final image is in silver instead of platinum, Platinotype 
was at one time famed for the Ix-auly of the results obtainable, 
anil in this respect kallitype does not fall behind. The silver 
image, however, cannot claim the extreme permanence of one 
composed of platinum, but it is probable that a properly-made 
kallitype print would at least be no less permanent than one on 
P.O. P. or self-toning paper. 

The sensitising solution consists mainly of ferric oxalate, 
which is reduced by light to the insoluble ferrous oxalate. If 
this is dissolved, in presence of silver nitrate, in a suitable 
solvent, the ferrous salt in turn reduces the silver nitrate to 
metallic silver, so forming the image. This process is termed 
development. The silver nitrate may be part of the developer, 
but it is more economical to incorporate it in the sensitising 
solution. 

Contrast and colour can both be controlled by modifications 
in the sensitising solution and the developer, and to u further 
extent by the depth of printing. In addition, the colour of the 
finished print can be further modified by toning by any of the 
principal processes used for P.O.]'. 

Any good rpiality paper, if it will stand up to immersion in 
Water for an hour or two without becoming too soft, will be 
satisfactory. Drawing paper is perhaps best, or a smooth 
paper intended for water-colour work. Cartridge paper is also 
perfectly suitable, while for experimental work ordinary 
unruled writing-paper serves well. Whatever paper is used, 
it should be sized to prevent the sensitising solution from 
sinking into the fibres. 

Arrowroot or starch size is the easiest to apply, but must 
always be freshly made, joo grains (20 gms.) of starch or 
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arrowroot is rubbed into a paste with .t little- cold water and 
then >a a*. (1,00a c.c.) of boiling water is poured on to it. The 
mixture is boiled till it becomes clear (one or two minutes) 
strained through muslin and left to cool. The paper is either 
tloated on this solution for one minute or immersed in it for 
two, then hung up to dry. 

If the paper is floated, be careful it is face down. Most 
papers have a sievc-hke pattern in faint relief on one: side ; this 
is the back, and if coated on this side the pattern may siiow 
on the (i mshed print. 

The fundamental chemical used for sensitising, ferric 
oxalate, must be free from ferrous salts and from organic 
imp unties such as dust. It should give a clear amber solution 
with water, and when tested by adding a few drops of 
potassium femcyanide solution to a sample, no trace of blue 
colour should result. The femcyanide itself must be pure for 
the test ; choose a fair-sized crystal and wash all surface 
crust away under the tap before dissolving it. 

Even if we restrict ourselves to the type of paper in which 
the whole of the silver is included in the sensitising solution, 
there nevertheless remain very- many sensitising formula 
to choose from. That given here is simple but reliable, 
allowing considerable variation in contrast and colour to be 
obtained by modification of the developer. 

The following sensitising solution is prepared, preferably in a 
dim light : — 

Ferric oxalate . , 4 ). oz , anginas 

Potass, oxalate (neutral) . , 500 grs. 55 gms. 

Silver nitrate , , .500 grs. 55 gms. 

Water to . . , , 20 ozs. 1000 c.c. 
Distilled water should be used if possible, and the mixture 
should be kept in the dark. 

The paper, sized as described, is pinned, face up, on a board 
in a warm and dimly-lighted room. With a broad soft brush 
a small amount of the sensitiser is spread, evenly but very 
. lightly, over the paper. There must be no attempt to rub the 
solution into the paper ; on the contrary, every effort must 
be made to keep it on the surface. About 30 to ^o minims 
(2 to zi c.c.) is wanted for a iz :< 15 in. sheet. As soon as 
the coating is surface-dry, finish the drying quickly by gentle 
heat, being careful that the paper is not made hotter than the 
hand can comfortably bear. When fully drv. the paper 
should crackle when shaken. 
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Printing is done by daylight, and is continued till the out- 
lines of Hie shadows arc distinctly visible, but not long enough 
to show more than the faintest tint in the middle tones. 

[■"or developing the exposed print is immersed in. or Boated 
on : — 

Borax . . . . . I oz. (go gmSsJ 
Roc hello salt . . . 525 grs. (60 gms.) 

Water to . . . 20 ozs. (1000 c.c.) 

As a rcstrainer, very effective in increasing contrast and 
keeping the whites pure, a 2 per cent, solution of potassium 
bichromate is added. A normal dose is 30 minims per ounce 
of developer (6 c.c. per 100 c.c.) but the amount may be varied 
within very wide limits. 

The above developer gives black or brown-black tones ; for 
warmer tones, reduce the quantity of borax and increase that 
of Iiochelle salt. Greater control over colour is obtained by 
replacing the potassium oxalate in the sensitiser by 20 gr. {2 
gms,) of oxalic acid. The developer is then used at double 
strength. The print should remain in the developer for at 
least io minutes. 

Rinse well after development, and fix for 5-70 mins. in 
3 per cent, hypo made slightly alkaline with ammonia. Wash, 
blot off surface moisture, a nil dry, using gentle heat if desired. 

If desired, the finished print "may be toned in any of the 
solutions suggested (see Toning) for printing-out papers. 

Kata-Positlvc. A term occasionally used to distinguish a 
positive on an opaque base from a diapositivc or transparency. 

K Filters (or Screens), A certain kind of commercial 
yellow filters for use with orthochromatic and panchromatic 
emulsions: they are made with "Filter Yellow K." (See 
FiLTKits.) 

Kilo-. Prefix used in the metric system (q.v.) to signify 
" one thousand." For example, a kilogram is a thousand 
grams. 

Kinctoscope, Kinematograpfa. See Cinematography, also 

Zoktrope. 

Kodachromc. Process of colour photography introduced by 
Kodak Ltd. It is a dye process yielding transparent and 
grainless positives on film. For details, see CiNOiAToniiAi'iiv 
and Colour 1'iiotogkaniy. 
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Kodacolor. The name ((?) of Lin obsolete Kodak process 
of colour cinematography usinu; teutkulatal film, and [it] of a 
now Kutlak negative-positive process giving colour prints on 
paper. After exposure, tlic film is returned to the makers, 
where it is processed to give negatives in colours comple- 
mentary to those of the subject. From the negatives, prints 
in colour arc made by projection. Both for the negatives and 
for the prints, a process closely akin to that used in Koda- 
chrome is used. 

Kodak. A registered trade-mark of Kodak. Ltd., applied 
by them to various goods of their manufacture, notably 
cameras. 

Kodatron. Speed-lamp of Kodak manufacture. See 
Speed -Lamp. 

Kodalk is an alkali usually stated to be sodium mctaborate 
(NaBO,, IU.W. 60), introduced by Kodak Ltd., for use as 
accelerator in certain types of negative developers. It is 
intermediate in activity between sodium carbonate and borax 
and is claimed to possess a number of advantages over these 
compounds. It is a stable, crystalline compound which does 
not cake when added to water and does not release a gas when 
added to an acid fixing bath. It requires no greater care in 
handling than sodium carbonate and is suitable for com- 
pounding moderately active developers. 

Further, with increasing concentrations of this alkali, the 
activity of an M.Q. developer does not change as rapidly as 
when carbonate is used, so that it is possible to control the 
activity of a weakly alkaline developer with precision by 
varying the concentration of Kodalk. 

According to a Kodak patent specification, sodium mcta- 
borate is prepared by fusing together so parts of borax and 
4- 2 parts of sodium hydroxide. 

Solubility: ioo parts of saturated solution contain 23 parts 
of Kodalk at 40 "F., or 33 parts at 70T. 

Kodurol. Trade name for glycin sold by Kodak Ltd. 
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Labels. The need for labels to identify his various bottles 
of chemicals and solutions becomes obvious to every photo- 
grapher who attempts more than the very simplest work. 
Unless waterproofed, labels are liable to come away in the 
damp air of the darkroom, and they also soon become dis- 
figured by drops of developer or other liquid that may run 
down the outside of the bottle. Cleanliness in the darkroom 
is greatly assisted by using waterproof labels, for any bottle 
the outside of which has become contaminated with solution 
may be held under the tap before being replaced on the shelf. 

Gummed paper is usually more convenient than ready- 
made labels ; a sheet of " gum demy " will provide material 
for labelling many bottles. Waterproof ink can be obtained 
from an artist's supply stores, but if the labels are to be proofed 
after affixing to the bottles ordinary ink will do equally well. 

After cutting out a label of the required size and writing 
on it the desired name (and formula, if of a mixed solution}, 
the ink should he given time to dry thoroughly. Damp the 
back of the paper with a moist rag or sponge, lay on the bottle, 
cover with a clean piece of paper, and rub down. When dry, 
varnish with any commercial celluloid varnish or adhesive, 
with a varnish made by dissolving celluloid in aniyl acetate, or 
with a solution of paraffin wax in xylene. 

Lac. A hard resin resulting from a morbid vegetable growth 
and largely imported from India. The brown lac occurs in 
scales (shellac) and nodular masses (button lac), and should 
be used in all cases where its colour is not prohibitive, as the 
commercial bleached lac is often very much deteriorated. 
When bleached lac is used it should be obtained quite fresh. 
When old and easily brittle it is valueless, (See Vaknish.) 

The bleaching is done by means of chlorine, and if this is 
not eliminated, solution is retarded or prevented. If bleached 
lac does not dissolve (without sediment), add some ethyl ether 
to the methylated spirit and lac. Bleached lac may become 
insoluble if long exposed to light. It is usually kept under 
water in the dark. The best way to deal with a stale sample 
is to break it up into small pieces and cover with ether only 
and leave it in the dark for a week, shaking the bottle from 
time to time. Then add the methylated spirit. 
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Lambert. I'nit of brightness, or of the amount of light Riven 
off by unit area of a surface. A surface that emits one- lumen 
of light per square centimetre has a brightness of one lambert. 

The lambert is a most convenient unit for describing the 
brightness of flames or incandescent bodies, but is incon- 
veniently large for describing the brightness of any part of 
the usual photographic subject In photographic work 
brightness is usually expressed in lumens per square metre. 
A brightness of 10,000 lumens per square metre is equal 
to 

See Lumen. Candlk-Powkr. Standard Candle, Lux. 
Also Electric Light. 

Lampblack. The very light form of carbon produced by 
burning pitch, resin, or any other smoky substance with 
limited access of air, and collecting the soot formed. 

Lamp for Dark-Room. See Dark-Room, also Safe Light. 

Landscape Lens. See Lens, 

Landscape Photography. The general principles of land- 
scape photography, embodying as they do the rules underlying 
all picture- making, can hardly be made the subject of a 
dictionary article, but reference to Pictorial Composition 
will offer suggestive lines to be followed. From the practical 
standpoint the apparatus most suitable for serious landscape 
work is either a stand or reflex camera with long extension, 
equipped either with a convertible lens or with two or more 
interchangeable lenses of different focal lengths. Cameras 
With viewfinders are in general less satisfactory except in very 
experienced hands, as the ability to examine the full-size image 
on the screen is of more assistance in landscape work than in 
almost any other branch of photography, save perhaps 
architecture. Orthochromatic or panchromatic plates or films 
are desirable for landscapes, and should be used in con- 
junction with a colour filter if the colour values of the scene 
are to bo translated correctly in the photograph. (See 
Filters and Colour-Sensitive Emulsions ; also Cloud 
Negatives. Combination Printing , and Enlarging.) 

A good lens is of course a desideratum for all good photo- 
graphic work, but with landscapes it is quite possible to get 
some very charming effects with cheap single lenses— known 
sometimes as landscape lenses, or spectacle lenses ((/.!•.). 
Pinhole photography (</.;.) also finds a useful application 
in landscape work. (See also Exnosum-:, Development, 
Camera, Tripod, Swing Back.) 
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Lantern, or Optical Lantern. See Projector. 

Lantern Slide Diagrams. Titles or diagrams for lecture 
purposes, or for showing results of elections, matches, etc., in 
the lantern can be quickly made in the following manner r — 

(i) Write with black waterproof ink and a fine-pointed but 
not too hard pen on an ordinary lantern plate, allow the ink 
to dry thoroughly, and then fix out the silver in an ordinary 
hypo fixing bath, wash and dry. Stale or fogged plates can 
of course be used, (2) If preferred, write with waterproof 
ink on fine ground glass, then, when the ink is dry, coat the 
ground glass with any clear, hard-drying negative varnish. 
(3) Ordinary glass may be coated either with 2 per cent, 
solution of gelatine, or weak solution (one in five) of gum 
arable, dried and then written on, (4) Spoilt lantern slides 
or old plates cut down to 3^ x 3^, and the silver dissolved 
out with strong ferricyanide and hypo reducer, leave plates 
covered with a film of plain gelatine. A number of these, 
prepared in advance, are always useful for writing on with 
pen and Indian ink. (5) " Smoke " a plain piece of glass in a 
candle flame and write on the smoked surface with a pointed 
piece of wood. (6) Type the notice on cellophane, tracing paper, 
or even thin typewriting paper, using a sheet of carbon paper 
(as used for duplicating) in such a way as to give a second 
impression on the back to reinforce the lettering. The notice 
may then be stuck to glass with a colourless celluloid adhesive 
or bound up between glasses. 

Where it is desired to incorporate a diagram or printed 
matter, or a line drawing, in a series ot slides, it is often prefer- 
able to project the negative rather than a positive from it. 
The dark ground so obtained avoids " dazzle " due to the large 
area of clear glass that in a positive would represent the white 
paper of the original, ft is generally advisable either to keep 
the negative fairly thin, or, better, to tone it to a warm colour, 
the purpose in cither case being to allow the lecturer's pointer 
to be seen more readily. 

Lantern Slides. Lantern slides are small transparencies 
for exhibition by projection on to a screen. Two sizes are 
current, the " standard " size of overall dimensions 3} X 3jins., 
and the " miniature " slide of outside size 2x2 ins. Allowing 
space lor binding and masking, the picture on the standard 
slide is usually i| to 2 j ins. long at most, and is often smaller. 
On the miniature slide the picture-opening is generally 24 x 
36 mm. Continental Europe has a standard slide of outside 
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dimensions 85 x 100 mm. (3J x 4 ins. apprax.) with a maxi- 
mum picturc-arca 75 mm. (3 ins.) square. The standard size 
in the U.S.A. is 3 1 x 4 ins. (83,5 x roi mm.) with a maximum 
picture area 3 X 2 1 ins. (76 x 57.5 mm.) 

Making Standard Slides. 

Printing by Contact. — Slides are made either by contact or 
projection. In the former case they are of course the same 
size as the negative, and when this, or the desired part of it, 
is the right size to give a picture of suitable dimensions, 
printing by contact is the most convenient method. An 
ordinary printing frame can be used, but there is considerable 
danger of scratching either negative or lantern plate in 
adjusting them to the required relative positions. 

To avoid this, a special frame can be made from an ordinary 
printing frame decidedly larger than the negative. The glass 
of the frame is covered, save for a 3^ x 3 J opening in its 
centre, with black paper, and a piece of wood, also with a 
hole the size of a standard lantern plate, replaces the normal 
back. A little door is hinged to the opening, and is fitted 
with a turn-button or spring to keep it closed in use. 

The negative is adjusted to the opening in the mask, the 
back put into place, and a lan tern -plate dropped into the 
opening. It thus registers immediately and with certainty 
with the required part of the negative. 

Types of Lantern-Plate. — -The transparencies are made on 
lantern plates, of which three main varieties are made, 
corresponding approximately to bromide, chloro bromide, and 
gaslight papers. The first of these are rapid and are intended 
for the production of pure black tones. They are often 
known as "black-tone" plates. The "warm-tone," or 
chlorobromide, plates are of moderate rapidity, and give a 
black or warm-black by normal treatment. By increasing 
the exposure and developing in a restrained developer they 
can be made to give a whole range of colours through brown- 
black, brown, and sepia to red. The gaslight, or chloride, 
plates are slow enough to be handled, like gaslight paper, in 
a shaded spot in a room lit by ordinary artificial light. 
Normally they give pure black tones, but warm tones can be 
obtained as with chlorobromide plates if desired. 

Lantern plates are not made in the wide range of contrast 
grades in which papers are available, but this is to some extent 
compensated for by the fact that a certain amount of control 
of contrast can be had by varying the time of development. 
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To keep the density correct, exposures will need to lie a little 
longer for short development than [or long. In addition, there 
is usually a variation in contrast between plates of different 
type, the gaslight plates being the most contrasty. Further, 
a warm-tone slide is generally rather softer in gradation than 
a black slide on the same brand of plate. 

Exposure. — The correct exposure is found by trial and error, 
using test-strips cut from one of the plates by means of a 
diamond or wheel cutter. If the negatives to be printed arc all 
of much the same contrast, it is often economical to establish 
the relations] lip between the exposure required for the slide 
and that needed to give a normal print on bromide paper. 
Exposures can then be determined by using test-strips cut 
from the paper. 

Development. — With each brand of lantern-plate a formula 
for a developer is issued, and it is in general best, at least until 
familiarity with the material is gained, to use the maker's 
formula. 

For pure black tones with bromide plates a plain hydro- 
quinone developer is often used ; a suitable formula is : — 

Hydroquinone , . .So grs. (o gms.) 

Sodium sulphite (anhydr.) . 220 „ (25 gins.) 

Caustic soda . . . . 50 „ 5.5 gms.) 

Potassium bromide . . 15 ,, (1-7 gms.) 

Water to .... 20 ozs. (1,000 c.c.) 

Any ordinary metol hydroquinone or amidol developer as 
used for bromide paper will also be found suitable, but may 
give less contrast than the above hydroquinone developer. 

Warm-tone Plates. — For warm-tone plates a standard M-Q 
developer, as for bromide paper, is suitable, and on most makes 
of plate will give a tone that is only slightly warm. Increase 
of bromide to three or four times the amount usual for bromide 
papers will produce a rich warm black. 

For the warmer tones a pj-ro developer is generally 
recommended. A suitable formula is : — 

A. Potass, metabisulphite . 35 grs. (4 gms.) 
Pyro . . . 100 „ [12 gms.) 
Water to . .20 ozs. (1,000 c.C.) 

B, Sodium carbonate (cryst.) . 8S0 grs. (100 gms.) 
Sodium sulphite (cryst.) . Hfiu ,, (100 gms.) 
Potassium bromide . 20 ,, (2 gms.) 
Water to , . .20 ozs. (1,000 c.c.) 
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C. Ammonium carbonate . 880 grs, (100 gms.) 
Ammonium bromide . S80 ,, (100 gms.) 
Water to . . . 20 ozs. (1,000 c.c.) 

For a warm-black tone A and B are mixed in equal parts ; 
for warmer tones the exposure is increased and solution C is 
added to the developer. The following table from the Ilford 
Manual gives relative exposures, developer formula, and time 
of development for different colours. 

Development 

Tone. Exposure. Developer. Time. 

Warm black 1 A 8, B S parts. a \ mins. 

Se P ia t'S A 8, B 8, C r part. 4 mins. 

Brown 3 A S, B 8, C 2 parts. 10 mins. 

Purple-brown 6 A 8, B 8, C 4 parts. 20 mins. 
Red 1 j A 8, B 8, C 8 parts. 25 mins. 

The C solution above can also be added to hydroquinone 
and most other developers (except amidol) and will give very 
similar results. It should be noted that the presence of metol 
or paramimiphenol in a developer may make it difficult to 
obtain warm tones. 

An acid amidol developer can also be used ; as development 
is in any case very slow, there is no need to dilute or otherwise 
alter it for various tones, which is often a convenience. It may 
be prepared according to the following formula, and must be 
used within a few hours. 



Sodium sulphite (anhydr.) 
Amidol 

Potass, mcta bisulphite 
Ammonium bromide 
Water to . 



44 gr- (5 gms.) 

22 gr. (2.5 gms.} 

175 gr. {20 gms.) 

44 gr- (5 gms.) 

20 oz, (1,000 c.c.) 



Pyro-ammonia is a favourite lantern -slide developer among 
older workers. A suitable formula is : — 

A. Pyro 
Sodium sulphite (anhydi 
Citric acid 
Water to 

B. Ammonia o-H 80 
Water to 

('. Ammonium bromide 
Water to 
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44° fe rrs ' 


(25 gms.) 


44° - 


(25 gms.) 


40 ., 


(2-3 gms.) 


10 ozs. 


(250 c.c,} 


1 oz. 


(25 c.c.) 


10 ozs. 


(250 c.c.) 


r oz. 


(25 gms.} 


10 ozs. 


(250 c.c.} 



Lantern Slides 

For use, take A I part, B 2 parts, C 1 part, water 16 parts. 
This developer gives warm-black tones, development taking 
1 to i\ minutes. 

If the proportion o£ C is increased, warmer tones arc 
obtained, antl increased exposure is required. For decidedly 
warm tones exposure may be six times normal, and the 
quantity of C In the above mixture increased to 3 parts. 
Development will then take 5 to 0 minutes. The warmer the 
tone of the finished slide, the lighter will be the colour of the 
image as seen by reflected light with the slide lying flat in 
the dish, and this can prove very deceptive. It is best, 
therefore, to time development. 

Haphazard work is particularly to be avoided, as with 
three variabilis — exposure, composition of developer, and 
development time — good slides are by no means easy to make 
unless the approach to the work is methodical. It is best to 
make up the developer to suit the tone required, and then 
experiment witli exposure at id development time until a 
suitable development time is found. Finding the correct 
exposure is then simple, and good slides of the desired colour 
can be made with certainty. The procedure is closely allied 
to that involved in making warm -to 11c prints on chloro- 
bromidc papers, and reference should be made to that article 
for further suggestions. 

Gaslight Plates. — For cold black tones, gaslight plates are 
developed in a normal gaslight-paper developer. For warm 
tones, the C solution from the first of the above pyro developers 
(containing ammonium carbonate and bromide) can again be 
added to the developer. As gaslight plates develop much more 
rapidly than bromide or chloro-bromide plates, the develop- 
ment times, even for red tones, remain reasonably short, and 
are not likely to exceed 4 minutes, 

Thrcc-BtstU Development, — Since for almost any reasonable 
exposure that can be given to ,1 warm-tone lantern plate there 
will be a developer-mixture that will be correct, tentative 
development is often adopted when the exact colour of the 
finished slide is not regarded as important. Three different 
developers — e.g., those lor red, brown, and black tones in the 
above table — are prepared, and the slide is given an exposure 
estimated to be more than the minimum, but not more than 
about ten times this. 

It is then put into the most highly restrained developer. If 
the image does not appear in a reasonable time, exposure has 
not been enough for the " red " developer ; the slide is 
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therefore rinsed and transferred to the less restrained " brown " 
developer. If even this fails to develop it satisfactorily, it is 
rinsed again and put into the unrestrained " black " developer. 
By this means the making of test-strips can be avoided, and 
a slide of normal density is assured. Its colour, however, is 
a matter of chance. 

For a similar procedure, but using one developing bath only, 
the acid amidol formula given above may be adopted. 

The Thiocarbamide Process. — Very beautiful slides can be 
made by using a developer containing thiocarbamide, a 
substance having a solvent action on silver bromide. The 
process is, however, inclined to be unreliable. 

The following solutions are required : — 

A. Metol . , . -44 grs. (5 gms.) 
Sodium sulphite (anhydr.) . 220 „ (25 gms.) 
Hydroquinone . . 22 ,, (2-5 gms.) 
Sodium carbonate (anhydr.) 160 ,, (18 gms.) 
Water to . . .20 ozs. (1,000 c.c.) 

B. Ammonium carbonate . 2 ozs. (100 gms,) 
Ammonium bromide . 2 „ (100 gms.) 
Water to . . . 20 „ (1,000 c.c.) 

C. Thiocarbamide . . 66 grs. (7-5 gms.) 
Ammonium bromide , it ,, (2'5 gms.) 
Water to . . . 20 ozs. (1,000 c.c.) 

Lantern plates of the chloro -bromide type are in general the 
most satisfactory. The following table by Dr. Glover will 
show the relative exposures, composition of developer, and 
development times found suitable for different colours. 

Colour. Exposure. Developer. Development 

ABC Time at 70 0 F 

Normal black 1 1600 30 sees. 

Neutral black 4 14 1 1 300 sees. 

Blue-black 8 12 3 1 600 sees. 

Blue 16 11 4 1 720 sees, 

Violet-blue 32 10 5 1 800 sees. 

Note that the process is decidedly sensitive to small changes 
in developer concentration and temperature of development. 
The latter should be kept strictly constant by means of a 
water-bath, and the quantities of solutions A, R and C, should 
be accurately measured. The colours tend to be distinctly 
unreliable even when all precautions are taken, and the final 
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colour is not shown till the slide is dry. A good slide by this 
process is considered by many to be of finer quality tlia.ii can 
be obtained in any other way. 

Negatives of good contrast are essential, but much, of 
course, depends on the brand of lantern plate used. 

The finished slide, whatever its colour, should have full 
gradation throughout, and though the shadows must cert.iinly 
be strong they must on no account be blocked up. The best 
contrast for a slide depends to some extent on the conditions 
under which it will be shown ; a slide suited for projection in 
a large hall or with a powerful light would be too strong for 
home projection with a small lantern. 

As slides may be exposed to considerable heat in the lantern, 
they should be hardened before drying. Any of the methods 
used for hardening negatives is suitable. Dust must be 
scrupulously avoided ; the magnification involved in pro- 
jection makes most unpleasantly prominent any dust particles 
that may have stuck to the slide in drying. For the same 
reason, mechanical imperfections on the negative show much 
more than on a print, and spotting is so difficult as to be im- 
practicable for any but the most skilful worker. 

Printing by Reduction. — Where the size of the original 
negative, or the required part of it, is such as to make printing 
by contact unsuitable, the slide may be made by projection 
with an ordinary en larger. If the negative is larger than the 
slide, reduction will be required, and for this it is essential 
that the enlarger should have a long extension. Where the 
enlarger is not capable of being extended far enough to project 
a reduced image when using its normal lens, it is necessary 
cither to improvise some means of carrying the lens farther 
from the negative or else to replace the lens temporarily with 
one of shorter focal length. As a makeshift the focal length 
of the standard lens may be decreased by adding a positive 
supplementary lens, but if the alteration in focal length is large 
this is likely to necessitate extensive stopping down. 

If a long- extension camera with a focusing screen is available, 
slides may be made by reduction in the camera. For this a 
lantern plate is loaded into the dark-slide as though it were 
a plate, the negative is set up at the window or in front of a 
suitable diffused artificial light, and is simply photographed on 
the slide. The process is practically identical with copying a 
print (see Copving). If the negative is to be illuminated 
by daylight, and unobstructed skylight is not available, the 
negative may be placed at a window with a white card, larger 
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than the negative, behind it at an angle of 45°. This, if well 
lit by direct light from the sky, will give very even illumination. 
For artificial light, two ground-glass or opal screens, each rather 
larger than the negative, and separated by an inch or sq, may 
be placed behind the negative to even out the light of a 60-watt 
or 100-watt opal lamp. If electricity is not available, almost 
any other light, including that of magnesium ribbon, will do 
as well. Magnesium, 011 account of its brilliance, is particu- 
larly useful for the long exposures associated with warm tones. 

Where a suitable camera is not available, a fixed-focus 
reducing box may be made up. This has a holder at one end 
I for the negative, and another at the other end for the slide. 
Between the two is a lens, so placed that a sharp image of the 
negative, at the required size, is thrown on the lantern plate. 
The necessary dimensions and other details can be found in 
the article on Enlaiigino, taking the figures there given for 
lens-to-pnper distance as relating to the lens-negative distance, 
ami vice versa. With negative and lantern plate in position, 
the exposure is made to uninterrupted skylight, to a white 
card illuminated by the sky, or to artificial light diffused as 
suggested above. 

Printing by Enlargement. — Now that so many negatives are 
made with miniature and other small cameras, slides more 
often need to be made by enlargement than by reduction. 
The procedure in this case is exactly like that of making an 
enlarged bromide print. Where the degree of enlargement is 
small, focusing should be done on a spoiled lantern plate to 
which White paper has been p;isted rather than on the base- 
board, or the thickness of the plate may throw the focusing 
out enough to be noticeable. To prevent rcllcction the 
lantern plate should always be laid on black paper, never on 
the white focusing surface of the baseboard or easel. 

Finishing the Slide.— Before it is ready to show in the pro- 
jector, a slide has to be masked, bound and spotted. Ready- 
cut masks can be bought, but it is best to make each mask to 
suit the exact size of the picture-area required. Plain black 
gummed paper may be used, or there is available commercially 
an uncut mask ruled in small squares so as to enable an exactly 
rectangular opening of any size to be cut without difficulty. 

Over the masked slide is laid a cover-glass, which may be 
purchased as such or made by dissolving the gelatine oft a 
spoiled lantern plate. The two arc bound together round the 
edges by strips of black gummed paper. ■Spotting" the 
slide consists in affixing two small discs of white paper to guide 
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the projectionist in inserting the slirle into the carrier ; holding 
the slide so that it is seen as it is to appear on the screen, the 
spots are to go at the two top corners facing the observer. 

For Continental standard slides, a single white spot at the 
lower right-hand corner is used, while in the U.S.A. one white 
spot at the lower left-hand corner is standard. This may be 
replaced by a red strip along the bottom edge. 

Miniature Transparencies. 

Transparencies in the 24 x 36 ram. size can be made cither 
on lantern-plates or on lengths of standard 35-mm. cine film. 
In cither case it is usual to print by contact from miniature 

Lantern plates of size 5x5 cms. can be obtained from 
any maker, and are used exactly as are tfie plates of larger size 
already discussed. For this size, however, special lantern-slide 
printers can be obtained ; with one of these the work is very 
considerably expedited and the risk of scratching negatives or 
slides is reduced to a minimum. So far as results are con- 
cerned, a printing frame made up on the lines suggested under 
Fruiting by Contact above, but fitted to take the negative film 
in whatever lengths are convenient for the individual user, 
will be found equally effective. The slides are masked and bound 
exactly as are their larger counterparts. 

Owing to the low price at which 35-nini. positive film may be 
bought, many workers prefer this material to the small lantern- 
plates. It has approximately the characteristics of a fast 
black-tone plate, and gives transparencies of perfect quality, 
Printing is done on strips about 2!, ins. long, using an ordinary 
printing frame, and the exposed film is developed, fixed, and 
hardened exactly like a slide. After drying, it is cut as 
required and bound up between glasses. 

Film transparencies ure frequently made in continuous 
lengths intended to be fed through the projector from one spool 
to another. Two long lengths of cine film — one of negatives, 
one the positive stock — are nut easy to handle simultaneously, 
particularly as the only part of the positive film that may be 
exposed to light is the one frame being printed. One of the 
special printers devised for the work is therefore intich to be 
preferred to any printing frame. Such a printer allows the 
positive film to be fed, frame by frame, past a mask against 
which are also placed, in turn, the negatives to be printed. 
After exposure, the entire strip of transparencies, printed, it 
may be, from negatives on many different rolls, is developed as 
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a unit in an ordinary lank. (See Development.) Though not 
so durable us glass slides, a lllrn-strip of this sort is inexpensh ■<■ 
to make and convenient to exhibit, and lias the advantage 
tli.it the lanlernist cannot mistake the order of showing. 

Where a miniature camera is used for colour wjrk in con- 
unction with a larger camera for monoehrome photography, a 
miniature projector is usually also acquired for showing the 
colour transparencies. Sooner or later the user of such a com- 
bination will desire to show his monochrome pictures by 
projection, which he can only do by making miniature slides 
or film-strips by reduction from his larger negatives. Except 
in detail, the procedure involved is exactly that of making 
standard sixes by reduction from larger negatives. (See 
Printing by Reduction above.) Where a film-strip is to be made 
through the enlargcr, means must be devised for rolling the 
film, behind a mask, from one spool to another, the holder 
being so made that it can lie on the baseboard. The camera 
body, with lens removed, can often be used as a film-holder, 
the picture being projected through the open lens-Jlange. 
The focal -plane shutter of the camera is then used for exposing. 
A dummy focusing surface must he provided of the same thick- 
ness as the film-holder. Similar schemes will suggest themselves 
in connection with the cither methods of printing bv reduction 
described in the section referred to. 

For Varnishing Lantern Slides, sec Crystal Varnish 
and Varnish. 

For Intensification, Reduction, or Toning Lantern 
Slides, see under these respective headings. Lantern slides 
can also be made by the carbon process [q.v.]. 

Lotensin cation. A term coined to imply intensification 
of the latent image, and applied to li yper.se usi rising, after 
exposure, by slightly logging the film by prolonged exposure 
to a very faint light or by exposure to the vapour of mercury. 
See Hyi'eksensitising. 

Latent Image. See Image, Latent. 

Law of Inverse Squares. See Inverse Scuta ki;s. Law oe. 

Lead Intensifier. See Intensification. 

Lead Nitrate (Fr,, Azotaic tic plomb ; ItaL, Axotato Hi 
piombo : Get., Blcinitm). Pb(NO a ), = 331. Synonym: 
Plumbic Nitrate. Made by dissolving litharge or white lead 
in nitric acid, evaporating and crystallizing. It occurs in 
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hard, white, opaque, octahedral crystals. It is used in in- 
tensification {q.v.} and has been used as a constituent of some 
combined toning and fixing baths, (See below, and Toning.) 

Like all lead salts, it is poisonous, and as lead is a cumulative 
poison, very special care should be taken by those who use it 
frequently. 

Lead, Toning with. A solution of lead acetate has been 
proposed as a toning bath for album enised and gelatino- 
chloride papers. The following formula has been suggested : — 
Lead acetate or nitrate . . J oz. (12-5 gms.) 

Hypo 4 ozs ' ( Iot> 6 ras -) 

Distilled water . . . 20 (500 c.c,) 

The toning action in any batli of this character is due to the 
formation of lead sulphide. Results are extremely imper- 
manent. 

Leather, to Revive. As leather enters so largely in the 
coverings, etc., of cameras, the following hints for its treatment 
wib be useful : Cleaning leather — Saddlers' soap, obtainable 
from any working saddler. For leather that has become very 
dry, etc., the best treatment is gentle rubbing with sweet oil, 
or preferably castor oil, once a day for a week or so. This 
treatment tends to prevent cracking, and is good for leather 
carrying-cases, straps, etc. Darkening leather— Nigrosin may 
be ruLxed with thin shellac varnish ; or the white of an egg 
beaten up with 5 to 10 drops of strong ammonia, and mixed 
with nigrosin or Indian ink ; or take 10 parts of shellac, 
100 parts of alcohol, and 1 part of nigrosin. For renovating 
leather use ordinary furniture polish or an ounce (30 c.c.} of 
turpentine, in which is dissolved a bit of beeswax about the 
size of a marble, plus about a teaspoonful of linseed oil, A 
leather varnish can be made with methylated spirit saturated 
with shellac, or methylated spirit, 100 parts ; shellac, 12 parts ; 
white turpentine, 6 parts ; gum sandarac, 2 parts ; gas black, 
1 part ; spirit of turpentine, 6 parts. Bookbinders' leather 
vamish or French leather varnish can also be used. There 
arc several excellent leather revivers on the market ready 
prepared for use. {See also Bellows and Blacking. To 
mend leather bellows, etc., see Marine Glue.) 

Lens (Latin, lens, a small bean or lentil). A lens is a piece 
of transparent material (usually glass) bounded by curved 
surfaces (generally spherical, including flat). Transparent 
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substances have the property of bending, or refracting, rays 
of light which fall obliquely, and the effect of the curvature 
of the surface is to cause all rays emanating from the point 
to be refracted so as to pass through a second point. The 
first is called the object point and the second the image point. 

Any extended object can be regarded as an assemblage of 
points, to each of which corresponds an imago point, the whole 
assemblage of image points forming the image of the object. 
When light, diverging from the object point, is caused by the 
lens to converge to the Image point, the lens is called con- 
vergent (or collective) ; it will be found to be thicker at the 
centre than at the edges. 




There are also lenses which are thicker at the edges than at 
the centre, and these are called divergent (or dispersive), 
because they cause light diverging from a point to diverge 
still more ; hence no image is formed, but the point from which 
the rays diverge after passing through the lens is still con- 
sidered the image and is then said to be virtual. The image 
formed by a con vcrgent lens may also be virtual if the diver- 
gence of the rays is too great to be overcome by the convergence 
of the lens ; where, however, an image can be received on a 
screen that image is said to be real. 
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A convex or bulging curvature of the lens surface produces 
convergence, a hollow or concave surface produces divergence, 
so that a convergent lens must have at least one surface convex, 
and according as the other is convex, flat (plane), or concave 
the lens is called double convex, plano-convex, or meniscus. 
Similarly divergent lenses may be double concave, plano- 
concave, or meniscus. These forms are illustrated in fig. t. 
The line joining the centres of the spheres of which the surfaces 
of the lens arc part is called the axis of the lens. 

The History of Photographic Lenses. 
It would appear that lenses of at least a primitive kind have 
been known from very remote antiquity, and Aristophanes 
(about 430 B.C.) writes of the transparent crystal (\fflor ha* <"■')) 
then used as a burning-glass to light fires. Whether this was 
of glass or of natural crystal is a matter of conjecture. Spectacle 
lenses are mentioned by Giordano da Rivalto in 1305, as having 
been invented only " twenty years ago." This will fix the 
date at 1285, when they were constructed by Sal vino d'Armati, 
a Florentine. Alcssandro dclla Spina, having seen some of 
Armati's spectacles, made them for himself, and published the 
method of manufacture. The manufacture was long almost 
confined to Italy. Sir Christopher Wren was one of the first 
to make satisfactory lenses in tins country. In past times all 
lenses were made of crown or Hint glass, the former being free 
from, and the latter containing, lead, the Hint being slightly 
more refractive than the crown ; but since the introduction 
of the Jena classes (sec Glass) many of the optical glasses in 
use can neither be called Hint nor crown. 



fig. 2. FIG. 3. 

As soon as it was announced in 1S30 by Daguerre and 
Fox Talbot that they had been enabled to obtain a permanent 
image in the camera obscura, the ability and skill of mathe- 
maticians and opticians were brought into play to produce 

4<>'J 




Lens : Historical 



lenses winch should be free from the objections common 
to the double-convex lens, Which was that generally used in 
the camera obscura in those days. The single lens was 
replaced by the achromatic combination of the telescope 
(fig. 2). llus was eventually reversed, and the plane side 
presented to the object, as in fig 3. Then Wollaston's meniscus 
(fig. 4) came to be recognised as a means of extending the 
definition; and in 1840, Chevalier, a Paris optician, still 
further improved it by a different method of achromatising 
the lens. But in r84i, through the agency of Voigtkindcr 
a practical optician, a lens designed by Professor Petzval, a 
mathematician of Vienna, was made and introduced com- 
mercially. This was the portrait lens ; and it is a remarkable 
fact that it is the model for many portrait lenses of the present 
day. Fig. 5 is a sketch of Pctzval's original portrait lens ; 



the coarsely shaded parts are crown, the finelv shaded parts are 
flint glass. This has been modified by Dallmeyer. by Grubb, 
and the noted American optician Morrison : but all are con- 
structed on the principle of the same lens. Professor Petzvai 
calculated at the same time a landscape lens (fig. 6), which 
was not introduced commercially till 1857; and an English 
optician, in 1858, having suggested a lens with a concave 
glass in place of the diaphragm to lengthen the focus and 
flatten the field, Dallmeyer introduced his famous triplet 
(fig. 7). which was much used and admired. 

Single lenses were first of all of the kind shown in fig. 3, 
with which extremely small diaphragms are necessary to reduce 
spherical aberration. This was improved on by Slater. 
Grubb, and Steinheil, and eventually took the form shown 
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in fig. 8. A crown-glass lens of meniscus form is presented 
to the object, and is cemented to a tlint meniscus. This gives a 
much flatter field, and allows the use of larger diaphragms. 
The rapid rectilinear doublet, or R.R. lens, consists of two 




rtc. b. Ftc 7. 



of the aplanatic single lenses (Slatcr-Grubb-Stcinlieil form, 
fig. 3), mounted in a tube with a diaphragm between. If really 
good this form will well cover a plate the longer dimension of 
which is two-thirds the focal length of the lens, and quite good 
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definition will be obtained with an aperture of //8. Thus a 
good rectilinear doublet of about G ins. focal length ivill well 
cover a quarter plate (.tj by 3 J) at an aperture of fjH. In all 
doublets, the diaphragm is placed between the combinations, 
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so that tliL- distortion of the one is opposed by the distortion 
of the other. 

The single elements of the rectilinear may be used as simple 
lenses of long focus, this use being especially desirable for 
landscapes, or pictorial effects in portraiture. 

The front lens, with stop behind, gives excellent central 
definition. By stopping down, the fine definition extends all 
over the field. The back lens, with the stop in front, gives 
rather soft definition at full aperture ; but the definition is 
even all over the field, and can be sharpened by stopping down. 

Nodes and Nodal Planes. 

If a convergent lens is held up to the sun or other distant 
object, the distance of the image from the lens is called the 
focal length. Most photographic lenses consist of several 
constituents, so that there is no definite point for measure- 
ment ; in this case the focal length is defined as the focal 
length of that single thin lens which will produce an image of a 
distant object the same size, as that formed by the given lens. 

If we measure from the focus towards the lens a distance 
equal to the focal length, wc arrive at a point called the nodal 
point. Another nodal point can be found by turning the lens 
round end for end. 

The two nodal points and the focal length completely define 
the lens and enable us to find the image of any object by means 
of another property. Any my through one nodal point will 
emerge from the lens as if it came from the other nodal point 
unchanged in direction ; moreover any ray meeting the plane 
through a nodal point, perpendicular to the axis, called the 
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nodal plane, emerges as if coining from a point on the other 
nodal plane at an equal distance from the axis. 

Thus in fig. g let the nodal planes be RQ and R'Q', and 
the focal length / :_ H'F'. A ray from a distant point on the 
axis will be parallel to the axis. Let PO be such a ray ; it 
will be refracted by the lens to pass through the focus F' ; 
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also the emergent my will meet the second nodal plane at Q', 
where Q'B' m OB. A ray PB through the nodal point B will 
emerge from B' unchanged in direction as BT?', The inter- 
section of these two emergent rays determines the image of P 
viz, P'. O'P' is the image of OP. If we call OB, U and O'B', 
v, the formula connecting u and v, which are called conjugate 
distances, is 

i/u + i/u = i If. 
Furthermore we have the ratio 

size of image O'P' v 

= - = magnification. 

size of object OP u 
also OB or /( = (i + i /in) / and ;■ — (in + 1) /. 
ft can he verified that these values fit in with our formula 
above. OF is thus seen to be f/m and F'O' = fin, so that OF. 
F'O' =_/=. 

Aberrations, 

The rules given above for finding the image apply only to a 
perfect iens, or where the diameter of the lens and of the 
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object are small compared with the focal length. In practice 
good photographic lenses arc as nearly perfect as possible for 
a given specified range of aperture and image size, and this is 
brought about by the skilful combination of components by 
the lens designer, whereby the errors of one component are 
cancelled by opposite errors in another. 

The errors which may be present in lens images are classified 
under rive aberrations which depend on the shape and focal 
lengths of the lenses producing ii, and two chromatic aberra- 
tions which arise from the unequal refraction of glass for 
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different colours. Aberrations arc best observed by examining 
the image of a small pinhole under considerable m a gnifi cation, 
and can be described in terms of the departures of that image 
from an exact reproduction of the pinhole. 

Spherical aberration is seen in the images of axial points and 
arises from the inability- of the lens to refract the rays falling on 
the marginal and central portions of the lens to the same point. 
This defect is illustrated in fig. 10. It is impossible to get a 
sharp focus where this aberration is present, but improvement 
can be obtained by stopping clown (reducing the aperture). 
The image of the pinhole will be round but unsharp. 

Coma is a similar defect appearing in points away from the 
axis, but owing to the unsym metrical refraction for oblique 
rays the image of a round hole is no longer round but shaped 
rather like a top. The image can again be improved by 
stopping down. 

Astigmatism is shown by an inability to 
bring horizontal and vertical lines to focus 
in the same plane at the top and 
bottom, or sides, of the field. 
At the focus for horizontal 
lines, the image of a 
point is drawn out 
to a very narrow 




ellipse (practically a line) lying 
horizontally ; at the focus for 
vertical lines, the image is similar, 
but lies vertically. At an adjustment 
of focus between the two, the image of a 
point is blurred, but approximately circular. 
The formation of these images is clearly shown 
in simplified form in the diagram fig. ir. 

Curvature of the field is shown by the focus of points in the 
outer portions of the held requiring a different position of the 
focusing screen from that for axial points when the object is 
flat or wholly at a considerable distance from the lens. Both 
astigmatism and. curvature are diminished only slowly by 
stopping down. 
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Distortion arises from a displacement in the position of 
image points in the outer portions of the field from their true 
positions, so that the image is not a true representation of 
the object, e.g., the image of a rectangular window-frame will 
have its sides curved. If the sides are concave the distortion 
is called pincushion, if the sides are convex the distortion is 
barrel. 

If the focusing screen or the photographic surface is not 
parallel to the window frame the sides of the image will 
converge ; this is called " keystone distortion " and is not a 
defect of the lens, but is due to incorrect usage. 

Chromatic aberration is a fault which results in the focus 
for, say, blue light being different from that for yellow light, 
as suggested in fig, 12. Now white light consists "of a number 
of coloured constituents, red, orange, yellow, green, blue and 
violet, and if there is a different focus for each colour the 
image cannot be correctly focused anywhere, but will show 
coloured fringes ; this is called axial chromatic aberration. 
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A similar appearance seen on the image at the edge of the field 
is called oblique chromatic aberration. The rays for which 
the old non-colour-sensitive photographic emulsion was most 
sensitive are invisible and lie beyond the violet end of the 
visible spectrum. With such an emulsion it sometimes 
happened that when one object was focused on the screen the 
photograph showed sharpest focus on another (nearer) object ; 
the lens was then said to have " chemical " focus. 

Field of a Lens. 

If a lens is placed on a camera much larger than it is intended 
for and focused on an open scene, it will be seen that only a 
circular portion of the focusing screen is Muminated ; the 
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diameter of this circle is the field of the lens. It will also be 
noticed that the image is indistinct towards the margin and 
that only the image within a circle of diameter D is sharply 
defined ; then D is called the useful field or the circle of good 
definition. Finally, if d is the diagonal of the plate for which 
the lens is listed, d is the camera field. Obviously D should 
be greater than d. Field is usually expressed as an angle 
subtended at the nodal plane (say A}. Then A is found from 
the formula z tan A/3 =djf. 

Aperture. 

Suppose the lens focused for a distant object. The largest 
circle of light that is utilised by the lens in forming the image 
is called the aperture. This need not correspond with the 
diameter of the lens, as may be seen from fig. 13, which shows 
the section of an imaginary lens. A beam oi light whose 
diameter is AA' is converged by the first lens, and passes 
through the Stop or diaphragm BB' to the second lens, 
which converges it to the focus F. It will be seen that it is the 
opening BB, not the rims of the tenses, that limits the diameter 
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of the beam ; AA' is the aperture d of the lens. The ratio 
d : / is called the relative aperture and the ratio f : d is 
called the //number, usually denoted by N. Thus an fjfo 
lens is one in which the largest beam of light that can get 
through is one-fifth the focal length. The exposure that must be 
given is proportional to N=, so that an // 4 lens requires four 
times the e\posurc of an ffi lens. (Sec also Diaphragm.) 

Types of Photographic Lenses. 

The requirements of a photographic lens are that it should 
form a sufficiently good image of large angular extent and that 
the aperture ratio should be not too small. It is found that 
satisfactory snapshots can be taken in J s sec, which suits 

416 




Lens : Types 



the simple shutters on the inexpensive cameras, and a sufficient 
exposure can be obtained in bright light, with modern emul- 
sions, with a lens having an aperture of//r.|. This then may 
be looked on as the minimum aperture that should be expected 
is a photographic lens intended for general purposes including 
snapshotting. 

A satis facton' single non-ecmented lens can be made having 
this aperture, covering a field o£ about 50° (that is, the focal 
length is about equal to the diagonal of the plate}. The lens 
is a meniscus [fig. ic) placed either in front of or behind the 
diaphragm, the position of which is important. The lens is 
not corrected for spherical aberration, chromatic aberration, 
or coma, but these are unimportant at this aperture ; more 
serious is the distortion, and this can be cured by employing 
two menisci, one before and one behind the stop ; this is the 
periscopic lens, and can have an aperture of about To 
increase the aperture it is necessary to correct the spherical 
and chromatic aberrations, which requires each lens to be com- 
pound ; this gives the rapid rectilinear, having an aperture of 

None of these lenses is corrected lor curvature of the field, 
correction of which requires special glasses which were nut 
available to the earlier opticians. The incorporation of this 
special material in the rapid rectilinear brought the number of 
components up to six. A number of different anastigmats 
(as they are called) o£ this type were made having an aperture 
usually of //G'8. The advantage of this type, comprising two 
members of equal or slightly different focal lengths, was that 
additional lenses having longer focus (at smaller aperture) 
were available by use of either the Iront or the rear member 
separately ; these lenses were therefore known as convertible. 
In striving to improve the definition or increase the aperture, 
opticians added other components till each member contained 
four or even five lenses cemented together, and manufacture 
became difficult. 

The English optician, H. D. Taylor, on the other hand found 
that by using separated lenses he could achieve equally good 
results with three glasses only. This was the Cooke lens ; it is 
not convertible but lends itself readily to the design of lenses 
of large aperture, up to so that all modern high-speed 
lenses have developed from tile Cooke. 

Figs. 14 and 15 give, in section, the construction of a krrge 
number of lenses of historical interest, or which arc in 
current use. 
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Lenses for Special Purposes. 

Various types of lens arc made for different purposes. For 
portraiture indoors, where tlic light is not more than one- 
hundredth as bright as outdoor daylight, it is necessary to have 
a lens of large aperture to make short exposures possible. 
Before the anastigmat was invented the Petzval lens (fig. 5), 
which had an aperture of ffys, was generally used. To obtain 
pleasing results in portraiture a lens having a rather long focus 
in relation to its plate is required, so that the angular field is 
small ; consequently the fact that the field of the Petzval lens 
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was curved was not very serious. Nevertheless nowadays 
the large aperture anastigmat of Cooke type is generally 
preferred, 

A.t the other extreme, the professional whose work consists 
in photographing stationary objects docs not need a large 
aperture, but his lens must be very well corrected for all 
aberrations. An aperture of f/6 to f/8, with a field of 50 to 
60 0 is usual. For photographing documents for reproduction 
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ami for copying painting* lenses having special colour cor- 
rections, calied process and apochromatic process lenses, are 
used ; these have an aperture of not more than //io, and a 
field of about .15°. 

The architectural expert often lias to photograph interiors 
with very limited space, and requires for this a wide-angle 
lens in which the held reaches 100° or more. With such large 
fields it is unreasonable to expect a large aperture ; usually 
the working aperture is//iu, but sometimes a larger aperture, 
f/6, is provided to yield an image sufficiently bright on the 
screen for focusing. 

The press photographer requires a rapid lens having very 
good corrections, since he must get his results often in very dull 
} weather ; the press lens has a held of about 50 to 55° and an 

aperture of 7/4-5 or wider. For interior work he requires a 
still more rapid lens, hut as such a lens and its camera would 
be bulky he uses a miniature camera in these circumstances. 
The small size makes it inconspicuous, and the small lens has 
considerable depth of focus even at large apertures. In the 
small sizes the optician can increase the angle of field, which 
enables him to reduce the focal length of the lens for a given 
size of negative, and this leads to still further reduction in 
bulk. These lenses can cover 55 0 at an aperture of //a, or even 
Hi .5, and the negatives will stand considerable enlargement. 

A special type of lens is the telephoto, originally made by 
placing a dispersive lens behind an ordinary- photographic 
lens to increase the focal length. Its special virtue is that 
the camera extension is very much less than with a normal 
lens of the same focal length. Originally the separation was 
made variable so that the focal length could be altered, but it 
was impossible to make this arrangement well corrected in all 
; positions, and the aperture was very small. The modern 

telephoto is of fixed focal length and so can be used just like an 
ordinary lens. The aperture compares with that of normal 
lenses but the angular field is, of course, only half. For 
further details, see Telephoto Lens. 

Examination of Lenses. 

A lens undergoes in manufacture far more stringent tests 
» than any the user can undertake, so that it is pointless to try 

and test a new lens by a reputable maker, but it may occa- 
sionally happen that a lens is required to be used under con- 
ditions in which a flare or ghost image may be formed. To 
test for tliis a large box (at least 2 ft. square and deep) is 
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painted black inside. This is supported against the sky and 
a photograph taken with the black box to tin: centre of the 
picture and the sky showing on at least three sides. On 
development the negative should show practically clear gelatin 
where the image of the box comes ; but if there is bad flare 
this image will be fogged ; the amount of fog is a measure of 
the flare. Care should be taken not to confuse development 
fog with flare ; compare the image of the box with the margins 
that were covered in the camera. 

An old lens should be examined for scratches, chipped 
edges and deterioration of cement. This can be done by 
holding it up to a strong light having a dark border, e.g., a 
window frame. By carrying the image of the dark border 
across the lens any defect will show up. 

A test for definition can be made by photographing a sheet 
of printed matter, such as a poster, pinned against a wall and 
photographed at a distance at least ten times the focal length 
of the lens under test. Care should be taken that the camera 
back is exactly parallel to the wall. 

If a lens of old pattern and unknown quality is purchased, 
it may be desirable to put it through a more comprehensive 
series of tests to determine its performance. The following 
tests may be found useful. 

i. Equivalent Focal Length. — Methods for determining this 
are given under Focal Length {q.v .). 

i. Rapidity. — A method of measuring the effective aperture 
of the various stops is given under Diaphragm {ij.v.). 

3. Covering Power. — A test for this is sufficiently fully 
indicated under " Field of a Lens " above. 

4. Spherical Aberration, — If this fault is present, the image 
on the focusing screen of a small light source, sharply focused, 
will be seen to be surrounded by a halo of light. If no halo is 
found, spherical aberration is absent. But the presence of the 
halo is not definite proof of spherical aberration, as flare may 
produce a similar effect A further check may be made by 
affixing to the lens a disc of black paper of diameter about 
three-quarters of that of the front component of the lens, and 
focusing a small bright object at full aperture. If, on removing 
the paper and stopping down the lens, the image requires 
rc-focusing to obtain maximum sharpness, spherical aberration 
is definitely present. 

5. Chromatic Aberration. — For a rough-and-ready test that 
will show up any really serious aberration, set up a series of 
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objects at slightly different distances from the camera and 
focus the centre object sharply on the screen. Then take 
a photograph on a non -colour sensitive plate, and if any of 
the other objects are sharper than the centre one, chromatic 
aberration is present. (It is assumed that focusing screen and 
plate are precisely in register.) Since the photograph was 
effectively taken by blue light, by which alone a non-colour 
sensitive emulsion is affected, while focusing was done chiefly 
by the yellow light to which the eye is most sensitive, this 
test will show up any non-coincidence of the foci for these 
two colours. 

A more stringent test is to photograph a sheet of small type 
first with a non-colour-sensitive plate (i.e., by blue light only) 
and then with a panchromatic plate with a normal yellow or 
yellow-green filter. If the latter photograph is as sharp as the 
former, the lens may be regarded as free from any degree of 
chromatic aberration that would impair its performance for 
even the most exacting practical work. Further checks along 
these lines will seldom be needed ; if they are, much informa- 
tion can be obtained by photographing a carefully-focused 
object a number of times in succession, each photograph being 
taken through a different monochromatic filter. 

6. Flare and Ghosts. — The procedure above will indicate any 
general fogging that may be expected from flare, but will not 
indicate the likelihood of a definite flare-spot or ghost imago 
making its appearance if a brilliant point of light is included in 
the picture. Any failing of this sort may be detected by focusing 
a bright point of light against a dark background. With the 
image in the centre of the screen, a halo round the light may 
be seen ; if so, slew the camera round to move the image to 
one side of the screen, and watch the halo. If it remains 
central, it may be assumed due to flare of the general or diffused 
type, but if it moves with the main image, it is due to a 
secondary image or " ghost " that is very much out of focus. 
(At some extension of the camera quite different from that 
needed to focus the main imago, it may be found to be sharp ; 
the main image will now appear as a brilliant halo.) If, on 
slewing the camera round, main image and halo move in 
opposite directions, a particularly troublesome form of ghost 
or Hare -spot is present, since it no longer surrounds the main 
image, but may appear in an unlimited part of the subject ; a 
flare-spot on the opposite side of the picture to the main light 
will always be very obvious when conditions are such as to 
lead to its appearance. 

422 



Lens Formula: 



7. Accuracy of Centring. — This can best be tested for by 
looking through the lens at a small naked flame, of which 
several images will be seen if the lens is not directed straight 
at it. Rotate the lens about its axis — for example, by un- 
screwing it in its flange — and if the images do not remain 
stationary one or more of the glasses is inaccurately centred. 
Faulty centring may easily arise in an old lens that has been 
roughly handled, or has been remounted. 

8, Perfection of Polish , — Look through tlic lens at a dead- 
black surface — e.g., a piece of black velvet in shadow- — with a 
strong side-light falling on the lens itself. If perfectly polished, 
the lens should appear completely black. A less perfectly 
polished lens will appear a more or less bright grey ; this is 
due to light scattered at imperfectly polished surfaces. 

Cure of Lenses. 

If the lens is detachable from the camera, it should be re- 
moved when not in use and wrapped up to protect it from 
dust and other atmospheric contamination, and from the 
action of light. A folding camera should be kept folded up. 
Any dust should be removed from the surfaces of the lens 
with a fine dry camel's-hair brush. If it requires further 
cleaning a clean handkerchief should be used and moisture 
applied by breathing ; if this fails to remove the dirt the 
handkerchief can be moistened with a little methylated spirits. 
Nothing further should be done. The inner surfaces rarely 
need attention, but if they do the components should be 
unscrewed one at a time, and each replaced before the next is 
dealt with, to ensure that the order of the lenses be not altered. 

{See also Balsaming, Focal Length, Focusing Scale, 
Hyperfocai, Distance, Depth of Focus, Pinhole Photo- 
graphy, Light, Spectacle Lens, Supplementary Lens, 
Conjugate Foci, etc.) 

For a further study of lenses, refer to Photographic Optics, 
by Arthur Cox (Focal Press.) 

Lens Formulae. (See also Focal Length, Focusing 
Scale, Conjugate Foci, Supplementary Lens, Enlarging, 
Hypehfocal Distance, Depth of Focus, Telepiioto Lisns.) 

The formula- given below almost all appear elsewhere under 
various headings ; they are collected here for convenience. 
Where a formula is more extensively discussed elsewhere, a 
reference is given to the appropriate article. For the inter- 
pretation of formula; in general, see Algebra, 
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The main symbols used are as follows ; others are defined in 
connection with the form uke in which thev appear. 
/ = final length 

i( = distance of object from node of admission of lens 
V = distance of image from node of emission of lens 
H — hyperfocal distance 

in = magnification, or ratio of sice of image to size of 
object 

J 

~ r 

r = reduction, or ratio of size of object to size of image 

= - 
~~ m 

ii = /-number of stop 
c — diameter of circle of confusion 
The fundamental formula of the lens, from which most others 

arc derived, relates n, if, and {. It is - 1 = 1 4- - 

J 11 v 

Alternative forms are ; — 

tt '-fV 

Magnification m = ^ 
Reduction r = - 

D 

In terms of 111 and r, 

1)/ 

V = (HI +1}/= 

t. 

(See, Ggsjugatr Foci, Magnification and Enlarging.) 

If D is the effective diameter of a lens, then the /-number is 
given by it = fjD 

otD=fln (See Diaphragm.) 
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To focus an object nt distance 11, the lens has to be moved 
forward, from the " Innuitv " point, through a distance il given 

by d - f- :- '("-/) 

Note that (/()(—/) = .P, and so is the same for all distances. 
The maximum permissible terror, g, in lens-to-film distance, at 
the Infinity setting, is Riven hy : 

§ = nc (See Focusing Scale.) 

When focusing with an extension-tube of length I, 

i = fit = fm > 

i)/ =f I ./" 

r = fjl (Sec Extension IV he.) 

When focusing with a positive supplementary lens of focal 
length 5, then with the camera focusing set to " Infinity," 
' u = S 

With the focusing scale of the camera set to a distance D, 
SD , „ m S 
" " iT+ D an<i D = -J=7< 
In all these cases it is measured from the supplementary lens, 

{See SUJ't'LEMENTAKY L.ENS, also DlOI'TRH.) 

When a supplementary lens of focal length ,S is added to the 
camera lens, the combination has a focal length I' given by : 
Sf 

I' = S~t~/ w ' lere / ' s f° ca ' length of the camera lens. 

If the supplementary lens is negative (diverging), prefix a 
minus sign to S in the above formula, or use 

F = g S ~ ' f m whic1 ' 5 is counted as positive. 

The above two formula? are exact only if the nodal separa- 
tion a between camera lens and supplementary is negligibly 
small ; if it is not, the formula become : 

Sf 

F ^ s + j _ a . or r fur a negative supplementary, 

F S f 
F= S-f | a 

To find the value of S needed to give a predetermined value 
of F, 

S /—J 
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Tf /■' is smaller than /, 5 will be positive, indicating a positive 
(magnify inn) lens ; if F is greater than /, 5 will be negative, 
nnil a negative (diverging) supplementary will be required. 

Taking the. nodal separation a into account, the above 
formula becomes : 

/ — F (See Suri'Li;MHXTARY Lens.) 

The hvperfocal distance H is given, in all cases, by 

H = '0m 

If c can be taken as //rooo, this becomes : 
H _ looof 



ft 



If it is preferred to relate c to the length (or diagonal) I of 
the negative made, then if C = //iooo, 

' _ \oooP 
~ nl 

In either case, the figure 1,000 may be increased or decreased 
to set any desired standard of sharpness. (See Hypereocal 
Distance.) 

Depth of locus formula: are many : the fundamental ones 
are : 

Near Depth = -„-—- £■ A 

Far depth = H — A/1 

p - nc{u —j) 

where near and far depths respectively show the distances, from 

the node of admission of the lens, of the nearest and furthest 

objects delineated on the negative with a circle of confusion not 

larger than c, the lens being focused on a distance It, 

In terms of H, these formula; become : 

„ , ,, hist 
Near depth = R ¥[ —- f] 

Far depth = ,. - f^ U - >, 
H - (u -/) 

the value of c now being that assumed in calculating H. 
The limits of depth may also be written 

Near depth - U ~ M T"fy~Ar -« - ( " tJ) — 
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Far depth = „ - J^T^ - « + H ^ {ll H f) 

If the limits of depth are to be i/ t and n„ then the camera 
must be focused on a distance M such that: 

u= 2 ">"*_ 
and the lens must be set to a stop 

If e = //iooo, this becomes n = 1000 ("a ~ " *)/ 
(See Depth op Focus,) 

Lens-Hood. Any form of tube or hollow box placed over the 
front of the lens to shield it from light coming from objects 
outside the field of view. The importance of a hood is two- 
fold. First, it protects the lens from any bright light (e.g., the 
sun) that may be outside the field of view, the light of which, 
illuminating any dust or imperfections of surface on the lens 
or filter, would be scattered into the interior of the camera. 
Secondly, it must be bome in mind that the total field of view 
of any lens always includes a wider angle than is to be recorded 
on the negative. The image corresponding to the marginal 
portions of the more extended field falls on the inside of the 
camera, which, however carefully blackened, wdl still reflect 
a good deal of light on to the sensitive surface. General fog, 
resulting in a degradation of the image, will arise from either 
of these sources of stray light. Both can he eliminated by the 
use of a suitable hood. The effect of a hood on the contrast 
and brilliancy of a negative is illustrated by some figures given 
under Reflections in Lenses. 

Hoods are of several forms, the most common being a plain 
tube, the diameter of the lens, blackened inside. In some 
patterns the lower side of this is cut away to avoid the re- 
flections that might arise if the camera was so held that direct 
sunlight could penetrate a little way into the hood ; while 
advantageous in these circumstances, such a hood must 
obviously admit light from below, which may be inadvisable 
when photographing over snow or water. In its extremest 
form, a cut-away hood becomes merely a sltyshade. 

Another form consists of a rectangular tube with a front 
opening similar in shape to the negative; in general, the 
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shorter side is rather larger than the diameter of the lens. 
Such a hood is obviously more efficient than a simple tube, 
but its extra size is a disadvantage. Either the reutangular 
or the circular tube may be Oared out to reduce bulk, and in 
either case a long tube of wide diameter is more effective than 
a shorter tube of smaller diameter. Wherever possible a hood 
should be lined with black velvet, which reflects very much 
less light than even the best deadblack paint. 

The types of hood mentioned above are best suited to 
cameras with a single fixed lens and without rising front. 
For reflex or stand cameras a very versatile hood may be made 
by joining two wooden or metal frames by bellows, and arrang- 
ing variable extension by joining the two frames by lazy- tongs 
stiff enough to hold the front frame in any position at which 
it may be set. The back frame is screwed to the camera -front 
round the lens. In use, the extension of the hood may be varied 
to suit the field of view of the lens in use, and if the rising 
front is employed the hood may be closed up a little to prevent 
cut-off at the top edge of the picture. 

A convenient and portable lens-hood of high efficiency may 
be made by cutting a piece of wood to the exact shape of 
the picture taken by the camera, and of a size such that the 
width, of thi: wood is about double the external diameter of the 
lens. A hole to fit the lens is cut centrally in this, and a 
long temporary straight-sided hood is built out from it in 
black paper. This is then trimmed down until the edges of 
the picture are just not darkened, after which the overall 
width of the paper (from front edge to back of wooden rect- 
angle) is noted, and the paper stripped off and discarded. 
Four pieces of thin wood, metal, or card are then cut, each 
having a width equal to the distance just measured, their 
lengths being equal to the sides of the wooden rectangle. After 
lining these four pieces with black velvet, they are hinged 
together with surgical tape to form a rectangular tube fitting 
over the original piece of wood, the hinging being loose enough 
to enable this tube, detached from the rectangle, to collapse flat 
for the pocket or camera-case. As an additional refinement, 
the wooden rectangle may be equipped with a frame into which 
light -filters can be slipped when desired. 

Still greater efficiency can be obtained by shortening, or 
preferably widening, the hood a little, and closing its far end 
with a rectangle of black card in which is cut an opening the 
shape of the negative, leaving a width of perhaps quarter of an 
inch all round. This will help to protect the inner surfaces 
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of tin.- hood from light, su further reducing the amount of light 

reflected into the lens. 

It may be added that a lens-hood should be used for all 
exposures made out of doors, and that much of the value of a 
lens-hood is lost if it has to be discarded whenever a light- 
filter is in use. 

(See also Reflections in Lenses and Sky-Shade.) 

Lens, Loss of Light in. See Loss of Light in Lenses. 
Lens, Reflections in. See Reflections in Lenses, 

Light. A form of energy emitted as radiation from 
luminous bodies, and reflected in some measure from the 
surface of any body on which it falls. The velocity of light 
in vacuo is about iS6,ooo miles per second, which is also that 
of cosmic rays. X-rays, j-rays from radioactive bodies, 
ultra-violet and infra-red radiation, and wireless Waves, All 
these are electro magnetic waves of the same general type, 
differing only in wavelength. What we call " visible light " is 
one tiny fraction of this immense spectrum, to most of which 
the eye is completely insensitive. 

Visible light covers the range of wavelengths from 4,000 
Angstrom units (A.U.) to about 7,200 A.U., the shortest 
wavelength corresponding to violet and the longest to red. 
Between these come blue, green, and yellow sensations in 
order of wavelength. Those colours can be seen in order in 
the rainbow, which is a spectrum, formed by refraction and 
reflection in rain-drops, of the white light which is of course a 
mixture of light of all wavelengths. In a brilliant " normal " 
spectrum (i.e., one in which the colours arc evenly spaced 
according to their wavelengths) the part that seems most 
brilliant to the average observer is the yellow-green (about 
5,500 A.U.) but this visual maximum drifts towards the 
blue-green (about 5,300 A.U.) on reducing the overall intensity 
(Purkiirje phenomenon). 

Whatever may be its colour, light, like other electromagnetic 
waves, travels in straight lines unless deflected through 
rellection or refraction by some material body, or by passage 
through a gravitational field. A transparent "body is one that 
allows the built of the light falling on it to pass without being 
scattered (though it may be deflected Irom its path) ; clear 
glass is a typical transparent material. If a body passes the 
bulk of the light falling on it, but at the same time scatters 
it as does ground glass, it is called translucent. All surfaces 
reflect light to some extent ; a black body reflects but little, 
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a white opaque body reflects most of the light that falls on it. 
In either case the reflected light is scattered unless the surface 
is highly polished. A polished body gives rise to specular 
reflection ; the light is reflected but not scattered. In the 
case of a plane surface this condition gives rise to a visible 
(virtual) image, as in a mirror, which is the typical case of 
specular reflection. Specularly reflected light, especially at 
certain angles, is highly polarised ; hence the use of a polarizing 
filter (q.v.) over the lens of the camera for reducing the effect 
of reflections from the surface of glass or of any polished 
object that is to be photographed. 

A coloured object is one that reflects or transmits light to 
a different extent according to its wavelength. A piece of 
blue paper for example, absorbs red and yellow light more, 
and reflects it less, than it does blue light. In this way it 
upsets the balance of the white light incident on it, and the 
reflected light appears blue. A yellow filter absorbs chiefly 
blue light ; the light it transmits is therefore deficient in blue, 
and so appears yellow. 

When a ray of light passes from one transparent medium 
to another in which it is propagated with a different velocity, 
it is refracted, or changed in direction, to an extent depending 
both on the angle at which the ray meets the surface and on 
the relative velocities in the two media. The refractive index 
of the surface is the ratio between the sine of the angle of 
refraction and the sine of the angle of incidence, and depends 
on the wavelength of the light considered and on the nature 
of the two media, but not on the angle at which the ray strikes 
the surface. Since the refractive index depends on wavelength 
an incident ray of white light becomes, after refraction, a 
narrow strip showing, in order, the colours of the spectrum. 
(See also Chromatic Aueukatjon and Spectroscope.) 

Ultra- Violet and hifra-Rcd Light. — The optical glass normally 
used in the construction of photographic lenses passes ultra- 
violet light from the end of the visible spectrum at about 
.(,ooo A.U. as far as about 3,500 A.U., and as the photo- 
graphic emulsion is sensitive over this range of wavelength 
care has to be taken to exclude this light in photographing 
subjects where it is plentiful. As the dust and water-vapour 
present in the air scatter and absorb it, ultra-violet light is 
only present in sufficient amounts to be harmful on very clear 
days at sea-level, or at liigh altitudes (above some 6,000 feet). 
In such circumstances it should be excluded by a U.V. filter 
if it is desired to obtain photographs not showing the 
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characteristics associated with the use of the ordinary yellow 
filter ; whore a yellow lilter is to be used the U, V. filter is of 
course unnecessary. If not excluded in one of these ways, the 
ultra-violet light may make; its presence felt as a haze covering 
all distant objects, and, since lenses are not in all cases fully 
corrected for short wavelengths, there may also Iks a slight 
degradation of definition. 

Besides passing a little ultra-violet, lenses also pass infra-red 
light. To this, however, the photographic emulsion is com- 
pletely unresponsive unless specially sensitized. Special films 
and plates sensitive to infra-red .are offered by several manu- 
facturers. When used without a special filter they give 
results not appreciably different from those taken with ordinary 
emulsions, but by using a filter excluding all visible light, and 
passing infra-red only, very unusual photographs can lie 
obtained. Green foliage, which reflects infra-red light freely, 
appears white, or practically so, in the print, and a blue sky 
appears completely black. Since the light scattered by dust- 
particles and water-droplets suspended in the air is chiefly of 
short wavelength, it is possible to " cut through " quite a 
considerable amount of haze by photographing with infra-red 
light. By taking advantage of this some amazingly clearly- 
defined photographs of very distant objects have been made. 

Sources of Light. — The composition of the light emitted by 
any incandescent body depends fundamentally upon its 
temperature, and the higher the temperature the greater the 
proportion of light of shorter wavelengths. The sun, being 
hotter than any terrestrial body, gives a light richer in blue 
and violet than that from any incandescent body (gas mantle, 
electrically-heated filament, etc.) used for the production of 
artificial light. 

A large amount of violet and ultra-violet light, however, is 
emitted by certain types of electrically-excited gas discharge 
tubes, such as the famdiar mercury arc used both photo- 
graphically and as a source of artificial sunlight. Such sources 
as this do not emit the continuous spectrum characteristic of 
a body that derives its light merely from its high temperature, 
but give out instead a " line spectrum." This consists of 
light of a series of isolated wavelengths, the actual wave- 
lengths being dependent upon the gas contained in the tube. 

The composition of the more usual- types of light in terms 
of the tliree regions of the spectrum obtained by dividing it 
arbitrarily into blue- violet (4,000 to 4,950 A.U.) green (4,950 
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Light, Artificial Lightning, Photography of 

to 3.800 A.U.) and red (5,800 to 7,000 A.TJ.) is given in the 
following tabic, taken from Clerc's " ' 

Source. 

Daylight .... 
Metal-filament electric lamp 
Half-watt electric lamp 
Incandescent gas-mantle . 
Low-voltage arc, ordinary carbons 
Low-voltage arc, impregnated 
white-flame carbons 

See also Colour-Temperature. 

Light, Artificial, for Photographic Purposes. See 

Flashlight: Flash-Bulb: Flash -Gun ; Photoelood, 
Xitrapiiot ami Sreno Lamp ; also see Colour-TlmJ'kra- 
TL iti:, and under Enlarging; and PROJECTOR, 

Light-Fog. See Fog. 

Lighting of Sitters. See Portraiture. 

Lightning, Photography of. Lightning can only be 
photographed at night, because the duration of a Hash of 
lightning is so short that the shutter could not be opened 
quickly enough to catch its image, so the camera has to be 
set up and tin- lens remain uncovered till the flash ha* occurred, 
and then closed. This could, of course, not be done in day- 
light. J 

Lightning photographs may be taken out of a window facing 
the storm : one naturally requires a window with a fair expanse 
of view. There is usually a food deal of reflected lightning 
between the Hashes actually visible ; a photograph of this 
would only appear like a photograph "of the same scene taken 
by daylight with very much too short an exposure, and a sky 
lightened in places. This rcllectcd light affects the plate to a 
certain extent each time it appears, but no harm will be done 
by three or four even fairly brilliant Hashes. 

In order, however, to reduce its effect on the plate as far 
as possible, it is wise to use a fairly small stop, say f/11 or 
/fib. The'visible Hashes are so intensely vivid that a small 
stop is quite sufficient. 

The camera should be so placed as to include a portion of 
the horizon ; this gives the picture a greater reality, and when 
the lightning really strikes the ground, the aetuafspot can be 
afterwards traced. 
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Unfortunately the lens can only be pointed at random 
towards the place where the flashes seem most likely to occur ; 
but by watching the direction of the storm one can usually 
get the image sufficiently well centred on the film, so that by a 
little trimming of the print, the result is satisfactory. If 
plates are used they must of course be backed, //n will be 
found a suitable stop, but when the flashes are very close 
and vivid the lens may sometimes be stopped down to f/21. 
Several Hashes may, of course, be taken on one film by leaving 
the lens open for successive exposures ; but for record purposes 
" one film, one flash " should be the rule. 

It is now recognised that what appears to the eye as a single 
flash is usually a number of flashes in rapid succession ; the 
air ionized by the initial Mash becomes a more ready conductor 
of electricity, and a damped oscillatory discharge takes place 
along the path that the initial flash marks out. A multiple 
flash can be analysed by swinging the camera, so that each 
successive discharge falls at a different point oil the film. This 
gives greater information concerning the flash, at the cost of 
losing the background. 

The negatives will probably disappoint when first developed 
as there is sure to be a large area that has received little or no 
exposure. But the print is the thing, and this will usually be 
found more satisfactory than would be thought at first. 

Light Trap for Dark-Room. See Daric-Room. 

Line Drawings, To Copy. See Copying. 

Line Drawings from Prints. See Drawings from 
Photographs, 

Linen, Photographs on. See Silk. 

Lippmann's Process. See Colour Photography. 

Lithography, Photo-. Sec Photo-Mechanical Processes. 

Htho- Photogravure. A method of Eckstein, in which a 
photolithographic transfer is put down on a stone ruled with a 
system of very fine lines ; these serve to break up the grada- 
tion into a printing grain, and provide for the rendering of 
half-tone. 

Litmus {Ft., Toitrucsol ; Ital., Tornasolc ; Ger., Lacknius), 
A blue colouring matter obtained from lichens by fermentation 
with potash and ammonia. It appears commercially as small 
cakes, being made into a muss with chalk, it is used to 
indicate the presence of an alkali or an acid, the latter turning 
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the solution red, and alkalies restoring the colour. It is 
usually supplied in the form of small books the leaves of which 
are made by steeping unsized paper in a solution of litmus. 

Litre. The standard measure of capacity in the metric 
system ; originally intended to have a direct relation (through 
the metre) to the meridian circumference of the earth, but it 
is now an arbitrary measure. According to our present legal 
definition (Statutory Rules and Orders, 1898, No. 411), 
" Approximately one litre equals 1,000 cubic centimetres, 
and one millilitre equals 1-00016 cubic centimetres." The 
statutory definition (loc. cit.) of the relation of the pint to 
the litre is " 1 litres 1-75980 pints," each litre is thus 35-196 
fluid ounces. (See Cubic Centimetre ; also Weights and 
Measures.) 

Liver of Sulphur. See Potassium Sulphide, and also 
Toning. 

Local Intensification. See Intensification. 
Local Reduction. See Reduction. 

Logarithm. The formal definition is : the logarithm of a 
number to a given base is the power to which the base must be 
raised to equal the number. To give an example, 10.000 equals 
ioo= ; the logarithm of ro.ooo to base 100 is therefore 2. It 
is equally true that 10,000 equals 10 1 ; the logarithm of io : ooo 
to base 10 is therefore 4. The logarithm of a number thus 
depends, not only on the number itself, but also on the base to 
which it is referred. 

In practice, only two bases are in common use. For 
everyday purposes, the base taken is 10, giving " common 
logarithms ; " to this base the logarithm of 10 is 1, that of 
100 is 2, that of 1000 is 3, and that of 10,000 is 4. The 
logarithm of any number between 10 and roo lies between one 
and two ; it will be " one point something." That of 20, for 
example, is about 1 -3. Tables of logarithms can be bought 
from any scholastic bookseller for a shilling or less, and provide 
an invaluable short-cut to calculations of all kinds. 

Their use for abbreviating arithmetic depends on the fact 
that log ah ^ log a + log b, and log a/b -= log a - log b. 
To multiply two (or more) numbers, look up in the tables the 
logarithms of the numbers in question, add the logarithms, 
and find, again from the tables, the number corresponding to 
the result. This number is the answer sought. If it is 

434 



Logarithmic Scale 

necessary to divide by any number, subtract its logarithm 
Instead of adding it. 

The use o£ logarithms for finding powers or roots depends 

on the fact that log(*") — n log x, and log ("y/x)=* y ( ? 0 £ x - 

Thus to find, say, the fourth power of a number, look up 
the logarithm of the number, multiply it by four, and find the 
number of which the result is the logarithm. This number is 
the rctpjired answer. If the fourth root is required instead of 
the fourth power, divide by four instead of multiplying by 
it. Fractional powers and roots are handled just as simply as 
integral ones. 

When logarithms are used simply as an aid to calculation, 
those to base 10 are always used. If it is desired to be specific, 
the logarithm of x to base 10 is written hg lti x, but it is usually 
sufficiently clear simply to write " log x ." In connection with 
certain natural phenomena, such as the cooling of a heated 
object, the discharge of an electrical condenser, or the rate of 
development of a film, or in any process where the rate of 
progress at any instant depends on the distance still to go, 
logarithms to the base 27183S-" (the decimal never ends) 
make their appearance. This apparently inconvenient number 
is not chosen by the mathematician ; it is thrust upon him 
by the very nature of the problem itself. Logarithms to this 
base are therefore called " natural logarithms," and the base 
itself is universally referred to as f. The natural logarithm 
of x is accordingly written log r x (sometimes iog t x), or, for 
convenience in writing and printing, as In x, where " In " may 
be taken as standing for " logarithm, natural." 

If a formula contains a logarithm to base i\ and no tables 
of natural logarithms are available, it is worth noting that 
the natural logarithm of a number is equal to its common 
logarithm (to base 10) multiplied by 1 -ysib. 

Logarithmic Scale. A scale divided according to the 
logarithms of the numbers marked, instead of according to the 
numbers themselves. This gives a scale equal distances along 
which correspond to equal percentage increases in the numbers. 
The exposure-scale of an exposure-calculator is an example of 
this ; a succession of equal steps correspond to repeated 
doubling of the exposure. The scales of a slide-rule are also 
logarithmically graduated. 

The term is also sometimes applied to a series of numbers 
having the same characteristic — Be he in er speed numbers, in 
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which each addition of three units marks a doubling nf film 
speed, arc an example. (See Skssltommtuy; also Lwcakithm.) 

Loss of Light in Lenses. In passing through a lens, light 
is lost both by absorption and by reflection. The. former loss 
is small, amounting only to some 2.4 per cent, for each centi- 
metre thickness of glass traversed. Even if the total thickness 
of glass were as much as li inches, this would only lead to a loss 
of 8 A- per cent, of the total light. 

Loss by reflection is much more appreciable, ft depends 
on several minor factors, but the only important factor in- 
fluencing it is the number of air-glass surfaces. This is equal 
to double the number of separate component glasses, counting 
a cemented doublet or triplet as a single glass. Each such glass 
causes the loss by reflection of just over 10 per cent, of the 
light striking it, passing therefore just under 00 per cent. The 
following tabic (adapted from L. P. Clcrc's Photography) gives 
the losses due (a) to reflection alone, and (f>) to reflection and 
absorption combined, in a series of lenses of total glass-thick- 
ness 3 cms. and with numbers of component-glasses from one to 
five. 

Components 1 2 3 4 5 

Reflection Loss (per cent,) n . 3 ig.6 27.9 35 . 4 42 
Total Loss (per cent.) . 12.2 21. 1 30 38 45 
Total transmission (per 
cent.) . . . 87.8 78.9 70 62 55 

It will be seen that a 5-componcnt lens of total thickness 3 
cms. requires practically double the exposure that would be 
needed by a lens of the same nominal aperture, if it could be 
made free from these losses. It may be added that modern 
lenses seldom contain more than four separate components, 
and that some, even of the widest aperture, contain no more 
than three. 

The following table, quoted from Clerc's Photography, gives 
measurements made by Forch and Lehmann on a selection of 
lenses. The first column gives the advertised maximum 
aperture, the second the maximum aperture actually found 
by measurement, and the third the aperture that a (purely 
fictitious) lens not suffering from any losses by reflection or 
absorption would need to have in order to require the same 
exposure in practice as the lens under examination. The 
fourth column gives the percentage of light transmitted by the 
lens. 
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Aperture. 
//i. 5 
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m 



Measured 
Aperture. 
//i. 76 



Equivalent 
Aperture. 
A2.S1 
//3-i 

W -94 
/Mr* 

The values given in the third and fourth 



r/4-5 #4*78 



(per cost.) 

33.7 
4G.6 
58.1 
40 

"3.5 
67.6 

:olumns of the 

above table are those found when using non-colour-sensitive 
material ; as much of the loss by absorption occurs in the ultra- 
violet, the losses are less when using colour-sensitive material 
in conjunction with a yellow filter that in any case would 
absorb ultra-violet light. (See also Reflection in Lenses.) 

Recent research has shown the possibility of coating the 
surfaces of the glasses with evaporated lluorite, which has the 
effect of reducing the reflection very greatly. This not only 
increases the speed of the lens towards its theoretical maximum 
value, but — even more important — greatly reduces the amount 
of stray light finding its way into the shadows of the image. 
The result is a very noticeable improvement in quality. For 
fuller details see C. H. Cartwrigfit, Treatment of Camera Lenses 
with Low Reflecting Films (J.Opt.Soc. of America, 30, March, 
Tn.jo, p. 110). Sec also Coated Lenshs. 

Lumen. Rate of llow of light energy. If a standard 
candle were placed at the centre of a sphere of radius one 
metre, the total light-power falling on the interior of the 
sphere would be one candle-power, but the light-power per 
square metre would be a most inconvenient fraction of this. As 
it is light per square metre that is most often needed in practical 
work, the light-power per square metre in the sphere above 
described is christened the lumen, and so tlie fraction is 
neatly avoided. The lumen is a smaller unit than the candle- 
power ; one candle-power equals ,-rr (or 12-56) lumens. (See 
also Candle-Power and Standard Candle. Also Lux.) 

Lumen- Second, A measure of a total amount of light 
energy. It is the amount of light energy radiated by a source 
of power one lumen (about one-twelfth of a caudle-power) 
in a period of one second. (See nlsu I.tmi-ix, Candle-Power, 
Standard Candle. Also Lux.) 

Luminosity. A term used to indicate the amount of light 
emitted from unit area of a source of light, or reflected from 
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unit area of an illuminated object. The following table (from 
Clerc's Mtitograptiy) gives typical values for the relative; 
luminosities, or brightnesses, of the various parts of different 
subjects. 

Subject. Range of extreme 

luminosity. 

Interior, with window showing sunlit 
landscape ..... 1,000 to i 

Portrait, artificial light, white clothes . 100 to I 

Landscape with white sunlit area and" 

dense foreground shadows . . . 60 to I 

Lampblack on white paper . . . 20 to 1 

Landscape in diffused light, dark fore- 
ground 15 to 1 

Interior, no windows or reflections in field 

of viclv 10 to I 

Landscape in misty weatlier . . 2 to 1 



Blacks arc less black, and whites less white, than is usually 
realised. The whitest substances known reflect but 88 per 
cent, of the incident light ; white paper reflects only some 
70 per cent. Ordinary black paper may reflect up to 10 per 
cent, of the incident light, while an average " black " object 
reflects perhaps 4 per cent. A sunlit black object may reflect 
more light than a white one in the shade ; in a photograph, 
the latter would accordingly come out darker than the former. 

The range of luminosities available for photographic 
reproduction is considerably less than that of the average 
subject. In a black-tone matt print the maximum available 
range is of the order of 20 to 1, but is greater (up to 50 to 1) 
in a glossy print. With a P.O.P. print, gold-toned and 
glazed, the range obtainable is reputed to be as high as 100 to I, 
The increase of range as gloss increases supplies the reason 
for the practice of " doping " matt prints, and for the popu- 
larity of those varieties of printing paper which, though not 
actually glossy, have a surface with a distinct sheen. 

In a transparency the range of tones is much less hmited, 
and may often exceed 200 to 1. As might be expected from this 
high figure, a well-made transparency or lantern slide, viewed 
either iu the hand or by projection, is capable of giving a far 
more convincing representation of the original subject, especi- 
ally if this embraced a wide range of contrast, than can ever be 
achieved by a print on paper. 
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Lux. T in it of illumination, or of the light per unit area 
falling on a surface. If the amount of light falling on a surface 
is one lumen per square metre, the illumination on the 

surface in question is one lux. As this is the illumination on 
a surface placed at one metre from a standard candle, the 
term candh-meire, or sometimes mctre-candlc. is often used 
in place of "lux." The two are synonymous. The lux is 
sometimes also used as a unit of brightness. (See Lamuert.) 

See also Lumen. Standard Candle, Candle-Power. Also 
Elect ric Light. 

Lux-Second, Unit of exposure. Sec Candle-metre- 
Second. 

Lunar Caustic. See Silver Nitrate, 
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Mackie Line. A fault due to insufficient agitation of the 
solution while developing a film. Where a dense highlight is 
being developed, the developer becomes exhausted arid loaded 
with reaction products that slow development : these diffuse 
over the edge of the highlight and retard development all 
round its boundaries, fn the print, therefore, the highlight 
is surrounded by a dark edge known as the Mackie line. 

Macro- photographs. Term applied to photographs of 
small objects reproduced at or about natural size. Macro- 
photography occupies a position intermediate between 
ordinary photography, in which objects arc much reduced, 
and photo- micrography, in which objects are shown greatly 
enlarged. 

Magic-lantern. See Projector ; also Condenser. 

Magic Pictures. These can be prepared by a process in- 
vented by Sir John Herschel. A print on albumenised 
paper is fixed without toning, and washed. Immerse the 
print in a saturated solution of mercuric cliloride until the 
image is thoroughly bleached and disappears, wash and dry. 
To make the invisible image appear, place over it a wetted 
sheet of blotting paper which has been previously soaked in a 
saturated solution of hypo, and press the hand upon it, when 
the image will appear with more than its original vigour. 
(Sec also Sympathetic Photographs.) 

Magllp or Megilp. An artist's material, made by mixing 
linseed oil with mastic varnish. It is used for thinning 
oil colours and for glazing delicate tints on finished oil- 
paintings. Megilp is also used as a medium in the oil and 
bromoil processes (q.v.), and may be employed to increase 
the brilliancy of matt-surface prints. In the latter case it is 
simply rubbed on to the surface of the dry and finished print, 
which is then polished by the application of a dry soft rag. 
Bromide prints which are strong in tone and have been 
sulphide toned are greatly enhanced in appearance by being 
given a slight gloss with megilp. 

Magnalium. An alloy of magnesium 15 to 20 parts and 
aluminium 100 parts. It is largely used in the construction of 
lens and shutter mounts and camera bodies. It is lighter 
than aluminium, but much harder, and withstands atmospheric 
conditions better. 
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Magnesium (Fr.. Magnesium •■ : Ital.. Magnesia: Gcr., 
ilf<jjjlWS('Mm). S%=?24. Occurs In large quantities as dolo- 
mite or mountain limestone — an impure carbonate. The 
metal is silvery white in colour, and is met with commercially 
in the form of wire, ribbon, and powder. It is used 
in photography as an illuminant, as the metal ignites at a 
comparatively low temperature, giving an extremely actinic 
and brilliant light. 

Magnesium Pnunlee, In Test. — The smoke in lias 1 1 powder 
depends mainly upon the impurities (largely oil) in the mag- 
nesium powder. To test a sample of magnesium, rub it 
between the fingers to see that it is in very line powder, not 
gritty ; then pour a lew grains on a piece of white paper, and 
rub them around with the fingertip in a space about the size 
of a shilling. After rubbing for a little time, if the magnesium 
be perfectly pure, it will fill shake free from the paper when 
the latter is tapped with its edge on a table. If a very dirty 
mark be left, the magnesium will prove smoky. Probably 
no commercial sample of magnesium powder is perfectly free 
from this defect, but different samples vary ; and photo- 
graphers who use large quantities can have pure magnesium 
prepared by paying a special price. 

Weights of Magnesium Ribbon (,'.. in. wide). — 5 ins.-=i gr. ; 
8 ins. = 0-1 gm. ; 80 ins. = 1 gm. See instructions for using 
magnesium under the heading Flash powper. 

Magnesium has been suggested as a means of precipitating 
silver from old fixing baths. (See Residues.) 

Magnification. In photography, generally used to mean 
ratio of sine of enlarged image to that of the negative. Magnifi- 
cation is measured in diameters ; that is, by the linear ratio. 
An enlargement of two diameters is twice as long as the 
negative ; it is therefore also twice as wide, and has four times 
the area. A whole-plate print from a quarter-plate negative 
is enlarged two diameters. 

The magnification required to obtain a 12x10 print from a 
3l x -i negative is less simply stated, for paper and negative 
are of different shapes, the former being squarer. If the whole 
negative has to be printed, its length will have to be brought 
up to the length of the paper, for which a magnification of 

rn 

j| or 3' 7 diameters is needed. This brings the width of the 

negative to 3-7 x or 8-3 ins., which does not fill the full width 
of the paper. If it is required to make the print of full 12 x 10 
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size, the width of the negative will have to be brought up to the 

width of the paper ; magnification needed therefore is 1 ° — 4-^5 

diameters. The full length of the projected image will then 
4'45 *3i = I 4-4 inB -. which cannot all be included on the 
paper. 

The table below gives the two figures for magnification 
corresponding to each of a number of combinations of negative 

MAGNIFICATION IN DIAMETERS. 
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and paper sizes. In every case the smaller figure is that for 
printing the whole negative, and the larger for filling the full 
area of the paper. Where the two are the same, negative and 
paper are of the same shape. 

More generally, the term magnification means ratio of the 
size of the image to that of the object. In most photographic 
work, the image is smaller than the object ; the magnification 
is then a fraction. If an object go ins., long is reproduced on 
the film as 1 in., long, the magnification is r/go. This is often 
expressed by saying that the reduction is 50 times, or 50 to I. 
See Lens Formulae, also Conjugate Foci, Enlarging, and 
Copying. 
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Magnifier. Term sometimes used for supplementary 
lens Iq.v.). A focusing magnifier is a lens used for examining 
the image on the focusing screen for more precise focusing. 

Marginal Cut-off (of Light). See Wide-Angle. 

Marine Glue. For repairing the leather work of cameras 
nothing is better than marine glue, which is also useful in 
many other ways for repairing wood, etc. It is made thus : — 

Indiarubber in fine shreds . 60 grs. (7 gms.} 
Coal-tar naphtha 14 ox. (75 c.c.) 

Digest with heat and frequent stirring until disaolved, and 
then add 

Shellac in powder . . zi ozs. (125 gms.) 

After adding the shellac, heat and stirring must be continued 
until the whole is quite fluid, then pour it out on to a cold slab 
to set. When required for use it should be melted at a tem- 
perature not exceeding 250 0 F., or it is liable to lose its strength. 
It may be applied with a bristle brush, and should be used as 
thinly as possible. (See also Mending.) 

Marlotype. A method of carbon printing introduced by 
M. Marion in 1S73. Paper is sensitised with a bichromate 
solution, and after exposure under a negative a sheet of wet 
bichromated pigment tissue is laid on and pressed in contact. 
The faint yellow-brown image slowly spreads to the pigment 
tissue and makes this latter locally insoluble, so that after the 
original print and the carbon tissue have been in contact for 
some hours, an image like that of an ordinary carbon print 
may be developed. In a later improved form this process 
was known as Ozotypc, f rom which in turn Ozobrome, and 
finally the modern Carbro process, developed. (See entries 
under these three names.) 

Masking. Term used to indicate the blocking out of part 
(usually the edges) of a photographic image. Masldng may 
be used simply to provide a white edge to a print or enlarge- 
ment, or, as in a lantern slide, to limit the picture-area to part 
only of the total available area, (Sec Masking Fit a me, and 
Masks and Discs. See also Shading and Double Prhitivg, 
under Enlarging.) 

Masking Frame. An accessory used with vertical enlarge is 
to hold the paper flat and provide a white border. The 
simplest type consists of a frame to take the paper, and a 

443 



Masks and Discs 



Mealiness 



rectangular mask of fixed size hinged to it. In the adjustable, 
or universal, frame a baseboard is provided, and. two sides of 
the mask are moveable so that any size or shape of opening can 
be produced. The frame as a whole is hinged, and adjustable 
stops against which the edge of the paper is located arc 
provided below the two fixed sides of the mask. A number of 
prints identically masked can be made rapidly and readily 
with one of these frames. (See Enlarging.) 

Masks and Discs. Pieces of opaque paper used in photo- 
graphic printing, usually with printing-out paper. In the 
opaque paper shaped openings are cut ; and the piece cut out 
is termed the disc, the margin being called the mask. The 
mask is placed between the negative and the paper, when it 
is obvious a print will result of the form given by the opening 
of the mask, and the margin where covered by the mask will 
be white. Where a black or grey surround to the picture is 
desired, the disc may be placed over the centre of the exposed 
print and the borders then exposed so as to give the required 
tint. If, during this supplementary exposure, the disc is sur- 
rounded by a second mask similar in shape to the first, bnt with 
a larger aperture, the effect of a black line or band round the 
picture will be obtained. It is evident that a similar, but more 
elaborate procedure will make it possible to produce two or 
more borders in greys of different depths. 

Mastic, or Mastich. A resinous exudation from the stems 
of Pistaaa tenliscus, grown in the island of Scio. It is usually 
met with in the form of whitish or yellowish- white drops or 
tears, about the size of small peas. Insoluble in water; 
almost entirely soluble in alcohol, ether, chloroform, oil of 
turpentine, and benzene. It is used for preparing certain 
varnishes (r/.v.) 

Matt Surface. A term applied to all dull-surfaced prints as 
distinguished from those with a glossy or glazed surface. 

Matt Varnish. See Varnish. 

Mealiness (of Prints). A peculiar mottled-grey appearance 
that occasionally disfigures a print. Generally it only appears, 
or is most marked, at the edge of the paper, and it is normally 
due to deterioration of the paper by age or improper storage. 
If the paper ha.-, not dcteriurated tun far, mealiness can be 
reduced or eliminated by adding an anli-foggant (" developer 
improver ") to the developer and developing the paper for the 
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minimum Linn- necessary tu {jive a good black, adjusting the 
exposure to suit this treatment. In a had case, the paper 
must be treated as fogged. (Sec Restoring Old Paper, under 
Bromidk Paper ; also Fogged Material, to Recover.) 

Measure. A vessel, usually of glass, graduated in fluid 
ounces or cubic centimetres, for the measurement of volumes 
of water or solutions. Small measures are usually conical in 
shape, but those graduated for maximum volumes over 2 ozs. 
or 50 c.c. are generally shaped more or less like a tumbler. 
All have lips for pouring. A measuring cylinder is a tall, 
narrow measure with straight sides. 

Measures. See Weights and Measures, 

Mending Broken Dishes and Measures, etc. A cement 
for mending broken dishes and measures or any glass or porce- 
lain ware, can be made as follows : — 

Litharge (finely powdered) . .3 parts 

Fine white sand . . . . . 3 ,, 

Plaster of Paris , . . , ■ 3 ,. 

Resin (powdered) . . 1 part 

After mixing these thoroughly into a paste with linseed oil , 
to which a little dryer has been added, it is allowed to stand 
for about four hours. It must then be used within the follow- 
ing four hours or before it has a chance to become set. The 
broken edges should be quite clean and free from grease, and 
after the application of a thin coating of the cement the parts 
should be held together with string until set. The broken 
parts will then be united so firmly that they will break in a 
new place before the cement will allow the mended portions 
to separate where originally cracked. 

(For a method of mending leather or wood, see Marine 
Glui;.) 

Meniscus. See Lens. 

Mercuric Chloride (Fr., Bic/ilorurc dc merenre ; ItaL, Bi- 
cloruro di mcrcurio ; Gut., Quecksilberchlorid, Mcrourichlorid, 
Sublimit!). HgCL = 271. Synonyms: Pcrchloride of Mer- 
cury, Bichloride of Mercury, Corrosive Sublimate, Sublimate, 
Muriate of Quicksilver, ft is prepared commercially by 
sublimation from a mixture of mercuric sulphate and common 
salt. It is usually met with in commerce in extremely heavy 
colourless crystalline masses or as a white powder. Specific 
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gravity : 5-43. Solubility : 1 in iy of cold, 1 in 3 of hot water, 
1 in g of rectified spirit, 1 in 6 of other. It sublimes without 
decomposition, and melts at 530° F. It is used for intensifi- 
cation {ij.v.). Its solution in water is liable to decomposition ; 
but any soluble chloride tends to prevent this, and nearly all 
chlorides increase its solubility in cold water, a compound salt 
being formed. It is a powerful poison, 3 grs. (200 mgm.) being 
a fatal dose. The antidote is albumen, or white of egg, with 
which it forms an insoluble compound, followed by emetics. 
As the salt is readily absorbed bv the skin, it is advisable to 
exercise care. For a convenient method of preparing a 
solution of mercuric chloride, see Mercurous Chloride. 

Mercuric Iodide, (Fr., Bi-iodurc dc nurture ; Ital. 
Bi-ioduro di mcrcttrio ; Ger. Qtucksilbcrjodid, Mercimjodid.) 
Hg I a = 434 5. Synonvms : Pcriodide of Mercury, Bi- 
iodidc of Mercury. Heavy red amorphous powder, practically 
insoluble in water. Dissolves readily in solutions of iodides, 
sulphites, or thiostilphates (hypo). Poisonous ; its pro- 
perties in this respect are practically as mercuric chloride 
((j.j.'.). Used as a one-solution intensifier for negatives, having 
the useful property of intensifying the shadows more than the 
highlights. (See Intensification.) 

Mercurous Chloride. HgCl = 236. Synonym, Calomel. 
White powder, insoluble in water and other solvents, going 
dark on exposure to light. Can readily be converted into 
mercuric chloride, which, owing to the Poisons Act, is much 
less readily purchased. If two parts of mercurous chloride 
are digested on a water bath — e.g. in a jam-jar set in a saucepan 
— with one part of concentrated hydrochloric acid diluted 
with 24 parts of water, --3 parts of mercuric chloride are 
present in the solution when all lias dissolved. Excess acid 
can be neutralised with ammonia. 

Mercury [Vt., Mcrcnrc ; Ital., Jit ercurio ; Get., Quecftsilbcr). 
Hg = 200. Synonym, Quicksilver. Occurs native, but is 
chiefly obtained by treating the ore cinnabar, an impure 
sulphide. At ordinary temperatures mercury is a brilliant 
silvery-white liquid metal, becoming solid at — 40 0 F. Specific 
gravity 13-5. As the vapour of mercury is poisonous if much 
is inhaled, particular care should be taken that any bottle 
containing it is really well stoppered. Mercury was used to 
develop the image on a Daguerreotype plate, but is now of 
photographic interest only for hypers'ensitising (q.v.). 
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Mercury Vapour Lamp. A lamp containing mercury 
vapour which is rendered incandescent by the passage of an 
electric current. The tight given by the lamp, which takes, 
the form of sealed glass tubes cither singly or in scries, is 
dazzling blue-white in appearance and is lacking in red rays. 
For use in the studio, this may, however, be corrected by the 
presence of a few ordinary electric lamps in red globes. The 
mercury vapour lamp is admirably adapted for artificial light 
printing, enlarging and portrait work. 

Merltol. Combination of paraphenylene diamine and 
pyro-cateehin in molecular proportions, patented by Johnson 
& Sons Ltd. Formula C„I 1,(011),.: C e fI,(NIf : ) s — >i$. 
Fine white or light guy crystals, turning very dark through 
exposure to air. Fine-grain developing agent of higher 
activity than paraphenylene diamine. Although the solid 
keeps well only if air is totally excluded, the normal developers 
containing it can be stored for prolonged periods. These 
developers are often quite deep red in colour, but develop 
normally unless the colour is very deep indeed. Solubility 
in 10 per cent, sulphite solution, about 5 per cent. Meritol 
is verv widely used for line-grain development, usually with 
the addition of metol, which reduces the need for extra ex- 
posure without noticeably coarsening I lie yrain. and greatly 
improves the exhaustion characteristics of the solution, it 
is the developing agent in the widely-used Meritol-eaustic 
two-bath developer. See Fixe Guaix Development. 

Methylated Spirit. Sec Alcohol, Methylated. 

Metol. Methyl-/^ -am inophenol (CH 3 XH)C a H 4 OH = 1*3. 
Synonyms : Klon. Monol, Rhudul, Scalol. Known in France 
as GlkvI. Developing agent of high activity, usually sold in 
the form of the sulphate (MW = 172). Colourless crystalline 
needles, soluble in water to the extent of about 5 per cent, at 
room temperature, and rather less soluble in solutions of 
sodium sulphite, or carbonate, which liberate the sparingly- 
soluble free base. Sodium sulphite will sometimes precipitate 
metoquinone (</.".) when hydroquinone is also present. In- 
soluble in ether. Will develop slowly in solution with sulphite 
only (see Fini-: -Guaix Development) but is usually used with 
an alkaline carbonate. With caustic alkalies is very prone to 
give chemical fog. Metol is used to some extent by itself, but 
finds its chief application in mixed developers of all kinds. 
The mctol-hydroquinone (M-Q) developer (see Development) 
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is probably more widely used than any other, and mctol is very 
commonly added to line-grain developers in an endeavour to 
retain the maximum speed of the emulsion. Metol attacks the 
skin of some persons, causing unpleasant sores, (See Skin.) 
This is believed not usually to be due to the metol itself, but 
to traces of. dimcthylparaphcnylcnediaminc present as an 
impurity, 

Metoquinone. Synonym ; Ouinomet. Combination of hvdro- 
quinnne and mctol (base) containing two molecules of the fatter 
to one of the former. Formula C a H 4 (OH) s 3{OH)C,,H 4 (Nil. 
CH 3 ) es 35G. Developing af;ent of moderate activity, soluble 
to the extent of 1 per cent, in cold water. A Lumicre product, 
chiefly used in connection with Autochrome colour plates and 
Lumicolor films. (See Colour Photography.) 

Metric System. The system of weights and measures 
universally used 011 the continent of Europe. It was estab- 
lished by the revolutionary administration in France towards 
the end of the eighteenth century, the basis of the whole 
system being the metre. This was intended to be a ten- 
millionth part of a meridian circle, but the accuracy of measure- 
ment available at the time was not high, and the standard 
must now be regarded as an arbitrary one. 

In the metric system the metre is the sole unit of length, 
even the longest and shortest distances being expressed in 
terms of it by decimal multiplication and subdivision. A 
kilometre is 1,000 metres (roughly two-thirds of a mile) and a 
millimetre is , ( \ in metre or roughly J* in. 

The measures of volume and weight are closely linked to 
the metre ; the litre is practically a cubic decimetre (deci- 
metre = ,' lT metre) and the gram is the weight of a cubic 
centimetre of pure water. These again give rise to multiple 
and submultiple units by decimal multiplication and division 
— e.g. kilogram m 1,000 gms., milligram = lu 3 ,- l(1 gm., 
millilitre = ^} av , litre, etc., etc. 

Once the unfamiliarity of the units has been got over, the 
metric system is far easier to use than the quite irrational 
English system of weights and measures. For numeric, d 
equivalents between British and metric units, see Weights 
and Measures. 

Micro-. Prefix used in the metric system ((/.:>.) to signify 
" one- millionth of." For example, a micro-second is one- 
millionth part of a second. 
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Microfilm Work. See Cocvjxr,. 

Micron. A millkmth part of a metre, or a thousandth part 
of a millimetre. Equal to about one twenty-five- thousandth 
part of an inch. 

Micro- Photography. The reproduction of photographs on 
a very minute scale. The grainkss structure of a collodion 
transparency lends itself particularly well to this work. (For 
Photomicrography, see article under that head.) 

Mill!-. Prefix used in the metric system (q.v.) to signify 
" one-thousandth of." 

Millilltrc. A statutory measure of capacity equal to one- 
thousandth of a litre. For all photographic purposes it may 
be regarded as identical with the cubic centimetre. (See 
Cudic Centimetre ; also Weights and Measures,} 

Millimicron. A thousandth part of a micron (</.;'.), or a 
millionth of a millimetre. Often used in expressing wave- 
lengths of light. One millimicron equals ten Angstrom 
Units ((/.;>.). 

Miniature Cameras, A miniature camera is officially 
defined hv the Royal Photograph ie Society as one that is 
built for negatives hot greater in area than 6 square inches. 
The largest standard size included in this definition is 
2 J X 2j ins. (6 x 6 cms.), and the standard V.P. (vest- 
pocket) sizes (4-5 x u cms. for plates; 4 x6'5 cms. for 
films) are therefore now classed as " miniature." 

In the usage of many people, however, the term " miniature 
camera " is restricted to those taking photographs smaller than 
V.P. size, the smallest that was in general use before the intro- 
duction of the Leica camera in 1025. This camera, designed by 
Oscar Barnack, uses standard 35-mm. cinematograph film, each 
picture being of size 24 x 36 mm. and extending over the 
space occupied on the film by two of the iS x 24 mm. frames 
used in cinematograph work. 

The Leica, though by no means the first camera to make 
small pictures, was undoubtedly the camera which popularised 
miniature photography. At first its progress was slow, partly 
on account of the imperfections of the films available at the 
time, and partly on account of the natural tendency of ex- 
perienced photographers to refuse to l>elieve that so small a 
negative could produce really satisfactory large-scale enlarge- 
ments. Improvements in films, particularly in the direction 
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of finer grain, combined with the ever-growing and ever- 
improving output of the new school of mi mature -cam era users, 
led by about 1930, or soon after, to the acceptance of the 
Leica as a serious instrument. 

Since that date the number of miniature cameras on the 
market has steadily increased. Many of these instruments 
again use 35-mm. cine film for negatives 2.) >; 36 mm. in size, 
hut others have pressed ordinary roll iilm into service. One 
of the earliest cameras for real miniature pictures on roll film 
was the Kolibri of Zeiss Ikon, which was the lirst to make 
16 exposures, each 3x4 cms. in size, on an 8-cxposure V.P. 
film. This size, though waning a little in popularity at the 
time of writing, is still very widely used for the less elaborate 
cameras. For both this and the slightly smaller 24 x 3G-mm. 
sue, a lens of focal length 5 cms. (2 ins.) is regarded as standard, 
so that the difference between the two is in angle of view and 
not in size of image. 

Of the larger miniature sizes, one that has recently become 
very popular is the old " V.P. plate " size, 4-5 x 6 cms. 
Nowadays this is obtained by making 16 exposures on an 
S-cxposure spool of 3 J ;■; 2 J film. Owing to the fact that 
this is sold at practically the same price as the 8-exposure V.P. 
spool, this new size is slowly but surely ousting the standard 
V.P. film camera taking pictures 4x6-5 cms., as the latter, 
exposure lor exposure, costs almost twice as much for negative 
material. The " sixteen-on " cameras, as they are familiarly 
called, are almost all of the standard self-erecting type with 
front-cell focusing. 

Square pictures G :< 6 cms. in size, though now becoming 
popular in connection with ordinary folding cameras, were 
brought into favour by the Kolleillcx, a twin-lens reflex making 
12 exposures on a 3 J x 2\ spool. The square shape was here 
necessitated by the extreme inconvenience of using a red ex 
turned on its side, combined with the difficulty of designing 
a practical roll-iilm reilex witli revolving back. Following the 
Kolieiflex, there are now a number of twin-lens rellexes for 
pictures 6 x G cms., as well as a few single-lens instruments. 
The fact that the ordinary camera is much more convenient 
to handle horizontally than vertically is rapidly leading to 
the wider adoption of this size for non-retlex instruments. 

The reasons for the rapid extension of miniature work are 
both psychologies and technical. The ordinary man, out 
with his friends, does nut wish to take a camera unless it can 
be unobtrusive to carry and rapid to use. In both these 
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directions the miniature satisfies, and may be used without 
interference with the convenience of non-photographic 
members of the party. In addition, the small size of most 
miniature cameras allows them to he carried more or less 
permanently in the pocket, ready to deal with any unexpected 
subject that may present itself. 

On the technical side, there are certain advantages inherent 
in the small size of picture, and the chief of these is speed. 
On a quarter- plate camera, a lens working at //a would be 
extremely cumbersome, fabulously expensive, and would give 
so small a depth of focus that it could be used at full aperture 
only on rare occasions. A cine-film miniature fitted with an 
fj-2 lens can still be slipped into the pocket and while expensive, 
the price is not altogether prohibitive. Most important of all, 
the depth of focus is great enough to allow the full aperture of 
the lens to be used for most ordinary subjects without diffi- 
culty : it is about the same as that of an ff$ 6 lens on a quarter- 
plate camera. Fast work in a really bad light, or by artificial 
light, is therefore only practicable with a miniature camera, 
while in a good light, when smaller stops may be used, depth 
of focus is so great that focusing difficulties are practically 
eliminated. 

Certain other features, though not necessarily connected 
with the small size, have become associated with miniature 
work, and of these the most outstanding is the range-finder. 
From its earliest days, the Leica cine-film miniature has 
included a range -finder to make focusing accurate. Up till 
1932 the range-finder was a separate instrument clipped to the 
camera, but in that year there was introduced the Model II 
Leica in which the range-finder movement was mechanically 
coupled to the focusing mount of the lens, so that the operation 
which caused the overlapping images in the range-finder to 
fuse into one simultaneously focused the lens. Though no 
more accurate than the separate range-finder, the " coupled 
range-finder " offers so evident an increase in speed and con- 
venience that it has now been adopted on a number of cameras, 
most of which fall into the category of miniatures. 

Besides the coupled range-finder there are some other move- 
ments chiellv associated with the miniature (The camera on 
which each was first introduced is shown in brackets, but in 
almost every case many other cameras have followed suit.) 
These movements include the automatic advance of the film 
by the same action that sets the focal-plane shutter (Leica), 
the production of special mounts allowing lenses of focal lengths 
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different from the normal still to be used in conjunction with 
the built-in ranjre-finder (Leica), the combined range-finder 
ant] view-finder (Contax) and the mechanism that blocks the 
release of a diaphragm shutter until the film has 1>een wound on 
(Korclle-K). In one camera (Rolleillex) the latter mechanism, 
now common anions miniatures and spreading even to 
larger in strum cuts, has been elaborated into a system by which 
a single movement of a lever advances the film and resets the 
shutter, while in another (Robot.) this is done automatically by 
a clockwork motor brought into action by merely removing the 
finger from the shutter release after an exposure has been made. 
Interchangeable magazine backs (Ektra) give the cine-film 
miniature a versatility in negative material previously 
restricted to plate cameras. 

Negative Material. — In the less elaborate cameras making 
either 1 6 exposures 3 x .) cms. on a V.P. spool or 16 exposures 
4-5 x 6 cms. on a 3J ;-; 2 J spool, the advance of the film is 
controlled by providing two red windows for viewing the 
printed numbers on the backing paper. These are so spaced 
that by bringing each of the eight numbers in turn first to 
one window and then to the other the required 16 frames are 
successively brought into position. More recently the 3^ X 2j 
films of leading makers have had additional numbering enabling 
either 16 exposures 4-5 x 6 cms. or 12 exposures 6x6 cms. 
to be made by means of a single window, and cameras taking 
advantage of this are now available. At the time of writing 
the extra numbering lias not yet appeared on V.P. films. 

Cine-film miniatures have in most cases followed the Leica 
in adopting a 36-exposure length (64 ins.) as standard, though 
one camera (Karat) uses a 12 -expo sure length. The film is 
usually sold in a daylight loading non-reloadable cartridge 
ready to drop into the camera, and into which' it is rewound 
after exposure. Special self-opening cassettes for one or two 
cameras (Leica. Contax) can be loaded either from uncut film 
or with tile ready-trim merl 36-exposure " refills " sold for the 
purpose, while reloadable cassettes to fit any standard cine- 
film camera can also be bought. For the Contax the " Contax 
spool " is also available ; this consists of a length of film with 
a long " trailer " of perforated paper attached to each end. 
It has the advantage that the protection afforded by the paper 
makes rewinding into the original container unnecessary. 

A few cine-film miniatures, including the Robot and the 
Tenax, have adopted a square picture size 14 :■: 24 mm. ; with 
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these a standard 6 1 -inch length (if film gives upwards of fifty 
exposures. 

Other cameras {Bantam, Super-EIjy, Ensign Midgut) use 
special spools of 6 or 8 exposures. Although this may restrict 
the user to one make, or even one type, of film, it offers the 
very real advantage of a considerable saving in bulk, as the 
special spools are in general very small. 

See also Camera. 

Minim. See Weights and Measures. 

Mirror, Reversing, A silvered mirror with the metal film 
outwards, placed in front of the lens when laterally reversed 
negatives are wanted. (See next article ; also Reversed 
Negatives.) 

Mirror, Silvering. To silver a mirror, prepare the 
following : — 

A. Silver nitrate no gr. 7 gms. 
wafer (distilled) . . . 4 oz. 200 c.c. 

To this add osi.Ho ammonia drop by drop, and with constant 
stirring, till the solution turns brawn. Continue adding the 
ammonia till the solution is only slightly milky. Do not add 
ton much ammonia. 

B. Formalin (40",, formaldehyde) S to ro drops 
Water (distilled) . . 4 ozs. : no c.c. 
Store solution B for a day or two before uKe. 

Clean the glass thoroughly, removing the old silver, if 
necessary, with concentrated nitric acid applied with a swab 
of cotton -wool. Finally rinse well with distilled water. Then 
flow or mop the surface with solution A, leaving it on the glass 
for at least one minute. Mix about one part of A with two 
parts of B and pour gently over the glass. Deposition of 
silver will begin a few seconds after the solutions are mixed, 
and should be complete in two to three minutes. 

Tilt the solution off the glass, rinse well with distilled water, 
and stand on edge to dry. l-'inally. protect the silvering with 
varnish or lacquer. 

To silver copper or any metal it must first of all be cleansed 
with dilute acid to free from dirt, etc., and well washed. Then 
dissolve do grs. (7 gms.) of silver nitrate in 1 oz. (50 c.c.) of 
distilled water ; add sufficient liq. ammonia to redissolve the 
precipitate first formed ; add to this solution £ dnn. (3 c.c.) 
of caustic potash solution and A drm. [3 c.c.) of glycerine ; 
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apply to the mi'tal ; add a few drops of ether ; nib with a 
tuft of cotton-wool . dry before Llie tire, and polish , repeat 
as often as desired to brighten it, 

Monckhovcn's Intensifler. See Intensification. 

Monocle. An uncorrected spectacle lens, sometimes used 
for portraiture and ordinary landscape work where softness 
of definition is desired. The usual form of lens employed is 
the periscopic of about I \ iris, diameter, and it may be obtained 
of any focus from about 0 ins. and upwards. (See Spectacle 
Lens ; also Supplementary Lens, and Lens.) 

Monocular Vision. Seeing with one eye only. Monocular 
vision can judge the direction, but not the distance of an object. 

Monomet. Hydrochloride of 2 -methyl -4-aminophcnol, 
(OH)(C,H,)CH a (NH s .HCl) - 159.5, Synonym; (hydro- 
chloride of) para-ami i) oercsoL Substitute for metol (i/.e.) used 
during the war of 1014-18. Its properties are similar to those 
of para-aminophenol {q.v.). 

Mountain Photography. See Alpine Photogkapiiy. 

Mountant. The substance used to make a photographic 
print adhere to its mount. It is absolutely necessary that the 
mountant should be free from acidity, or stains and spots 
may arise. 

The following mountants are suitable for photographs : — 

Dextrine Mount tint, — A very adhesive and cheap paste for 
mounting photographic prints without cockling, and one 
which keeps in good condition for an indefinite period, is 
easily made as follows ; — 1 lb. (500 gms.) of the best white 
dextrine is mixed a httle at a time with cold water until a 
smooth, cream-like paste is made. About a drachm (4 c.c.} 
of oil of cloves, oil of cinnamon, or oil of wintergrcen is stirred 
into the paste, and 10 oks. (300 c.c.) of cold water added. 
The mixture is then placed in a clean enamelled saucepan, and 
gently boiled until quite clear. It should then be poured 
into a widc-moutlied jar, covered up, and allowed to set in a 
cool place. It sets into a firm white paste of the consistency 
of butter, A very little of tliis can be spread on the back of 
a print with the finger-tip or a stiff brush. It should be 
noted that the best white dextrine must be used. 
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Starch Mount ant. — Starch in powder i oz. (30 gins.) : mix 
into a cream with 1 oz. (30 c.c.} of water, and add to it, con- 
stantly stirring, Hi ozs. (jgo c.c.) of lioilirig water in which 
20 grs. ( 1 ■ 35 gins.) of common alum and 5 drops of carbolic 
acid have been dissolved. The mixture should be now a clear 
translucent jelly free from lumps ; if it is not. it should be 
gently heated in a dish or pan till it clears, constant stirring 
being an absolute necessity ; then it should be squeezed 
through fine muslin. 

Ordinary household flour makes a more adhesive paste, but 
is liable to acidity. Both will keep lit for use about a week, 
after which they 'should be rejected. 

Cchilhu:. — This, if properly made, is convenient and easy 
of application. The print can be mounted whilst still damp, 
and it can be shifted about on the mount, or any excess of 
mountatit wiped off, without leaving any trace on the mount, 
even if highly enamelled. The following is a satisfactory 
method : — Soft gelatine, aoo grs. (30 gins.) ; soak in distilled 
water (G ozs.. or 390 c.c.) for an hour. Dissolve by the aid of 
a water bath, and add. in small quantities at a time, methylated 
spirit, i\ ozs. (165 c.c), stirring constantly; allow it to set. 
Should any spirit separate out, the mixture should be rcmeltcd, 
and a little more water added. The product should be a pure 
milk-white firm jelly. A little carbolic acid may be added 
if desired. When required for use, melt by the" aid of hot 
water on a -water bath. 

Arrmvroot Mountant, or " permanent paste." Dissolve by 
the aid of gentle heat 

Arrowroot .... 1 part. 
Gelatine 1 
Distilled water . . . g parts. 

When cool, add 

Methylated spirit 1 part. 



Gin 11 Solution, or Mucilage. — Pale -coloured gum arabic in 
clean lumps, 2 parts ; distilled water, 4 parts. Wash the gum 
by placing it in a half- pint cup or measure ; add g parts of 
water ; stir briskly round twice or three times, and pour off 
the water : this carries off any dust or mechanical impurities. 
Now add the distilled water, and stir frequently at intervals 
fill dissolved. It should he kept in bottles filled as full as 



Carbolic acid 
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possible, and the addition of a little carbolic or salicylic acid 
will help to preserve it ; for without this it will keep only 
about ten or fourteen days, and when made with hot water 
about half that time. Powdered gum arabic should not 
be used. 

Imliaritbber Solution. — 

Pure masticated rubber , . So grs. (g gms.) 
Chloroform or benzene . . S ozs. (250 c.c.) 

Digest till dissolved. Benzene is cheaper than chloroform, 
but the smell is rather unpleasant. 

(For shellac mountant for dry -mounting, see Mounting.) 

Mounting is the operation of causing prints to adhere to 
some substance, such as card, cloth, wood, or glass, cither for 
ornament or the better protection of the print itself. 

For exhibition work it has long been the rule that prints 
shall be mounted on plain boards or stout papers of white, 
cream or some other pale and unobtrusive tint. For either 
mounts or albums such a support is almost invariably sufficient 
and satisfactory for the purpose. Prints may be trimmed to 
any desired size and proportions, even though there are 
recognised standard sizes o( mounts for exhibition purposes. 
A safe position of the print on a tin unit is such that there are 
margins of equal width at sides and top, with the bottom 
margin about half as wide again. Variations within limits are 
permissible, but any eccentricity in the placing of the print 
should be avoided as being in bad taste. 

Partial attachment, which is only adequate when the print 
is to be framed or shown under glass, is generally carried out 
by applying adhesive to the top edge only ; by a narrow band 
round all four edges ; or by small patches near the top corners, 
or perhaps all four. In all these cases a powerful adhesive is 
required. 

For all-over mounting a satisfactory adhesive is a good 
dextrine paste, well rubbed up and diluted with water as little 
as possible. If it is thoroughly worked into the back of the 
print with a still brush, so as to leave a thin even coat on the 
surface, it will hold even a double- weight print perfectly, 
provided the mounted print is kept under firm pressure 
till dry. 

Any aqueous mountant causes the print to expand more or 
less, and as it dries it contracts so strongly that it curls and 
distorts the mount. This can be counteracted by sticking 
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down on the back of the mount, immediately behind the print, 
a piece of paper of the same size and thickness as the print 
itself. Another method is to paste on the hack two narrow 
strips of paper following the diagonals of the mount. 

Drv mounting is universally accepted as the most satisfactory 
procedure. Tt is carried out by placing between print and 
mount a thin sheet of unsized paper impregnated with shellac ; 
the shellac is then melted by heat, and when it hardens again 
on cooling it cements print and mount firmly together. Firm 
pressure has to he applied to hold print, shellacked paper, 
and mount closely together during the few seconds taken by the 
shellac to harden. For quick and easy mounting a special hot 
press is required : this is an expensive piece of equipment. 

Amateurs frequently use an ordinary domestic flat -iron, 
electrically or otherwise heated, for dry mounting. The dry- 
mounting tissue, as the shellac paper is called, is attached to 
the back of the print at one or two points by a touch with a hot 
iron. (An electric soldering iron, under- run to prevent the 
temperature rising too high, is ideal for this.) Print and tissue 
are then trimmed together, laid on the mount, and covered with 
an un creased sheet of stout paper or a thin sheet of zinc. The 
print is then " ironed down " by pressing a heated iron on 
the metal or paper covering the print until the heat has pene- 
trated to the tissue, when- it is shifted to a new place ; and so 
the process is repeated till the whole print has been covered. 

The tissue requires to be heated to about 175° F. ; the iron 
may be heated by keeping it for a few minutes in a saucepan 
of boiling water. If the tissue adheres to the mount only, 
the temperature is too high ; if to the print only, it is too low. 
Both print and mount must be bone dry before mounting is 
attempted. 

The tissue may be replaced by the following preparation, 
brushed hot over the backs of the untrimmed prints. 

White shellac . . . . 2 oz. {60 gnis.) 

Borax ..... 300 gr. (20 gins.) 
Sodium carbonate ... 60 gr. (4 gms.) 

Water 7 " z - (- O0 c - c -i 

Place the water in a glass jar standing in a saucepan of 
water. Bring to the trail, dissolve the borax and the car- 
bonate, and boil for five minutes. Powder the shellac and add 
it slowly, with stirring ; then boil for an hour. 

The outstanding advantages of dry mounting arc that there 
is no tendency to cockle, and that the shellac insulates the 
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print from ;iny impurities in the mount, so enhancing per- 
manence. 

Moving Objects, Photography of. In hiking a photo- 
graph of a moving object it is normally desired to obtain a 
sharp image. Tins involves the use. of a high enough shutter- 
speed to render the movement of the object during the time of 
exposure imperceptible on the negative, or on any enlargement 
that may be made from it. It is evident that the more rapidly 
the object is moving the shorter must be the exposure. 

But it is the image, rather than the object itself, with which 
we are concerned. The image of an object moving across the 
field of view moves much more rapidly on the film than does 
the image of an object travelling at the same speed directly 
towards the lens. In the latter case, the only thing to be 
considered is the apparent increase of size as the object 
approaches, and the exposure can be much longer without 
blur becoming apparent. Directions of movement between 
these two extremes will call for intermediate shutter speeds. 

The size of the image also enters into the matter ; a cur that 
moved 3 ins. during the exposure would look extremely 
blurred in a photograph taken from so short a distance, or so 
much enlarged, as to show the driver's f..ce. Yet if the Btt 
were shown small enough on the print, as it might be in a street 
scene where the car was in the background, the blur would 
pass unnoticed. 

In taking this point into consideration we might go into 
elaborate calculations involving the focal length of the lens 
and the distance of the object, and work out the shutter speed 
necessary to reduce the blur on the negative to some pre- 
determined limit. Such calculations are, however, not very 
helpful in practice, and it is much easier to work out the dis- 
tance the moving object will travel during the exposure, and. 
knowing on what scale the object is required to be in the 
finished print (enlarged or otherwise), to decide whether the 
blur involved will be enough to matter. If it is found that 
during the proposed exposure— say sec. — a car moves 

a distance equal to the diameter of one of its wheels, the amount 
of blur will be considerable ; if it only moves by the diameter 
of the hub-cap, it will be fairly sharp. Expressed thus, the 
amount of blur to be expected at any chosen shutter-speed is 
quite easy to visualise. 

The following table shows the distance in inches moved in 
different exposure- times by objects travelling at various speeds. 
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Movement of Ohject, tn Inches , During Exposure. 
Duration of Exposure [sec.). 



i/iaoth 1 /200th i /500th i/ioooth 



0-18 0-09 0-036 o*oiS 

0-36 o-iS 0-07 0-036 
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In using the above figures it is only necessary to consider 
whether the blur involved by the object movement shown is 
likely to be objectionable, taking into consideration the scale 
on which the ohject is to be shown in the finished print and the 
direction of its movement. It is convenient to reckon that 
at 50 m.p.h. an object moves an inch in a thousandth of a 
second ; a mental calculation for other speeds and exposure 
limes can be based on this. 

It is to be noted that considering blur in terms of the size 
of the object itself rules out all need to consider either the focal 
length of the lens or the distance of the object. These affect 
the size of the image on the ///))( ; enlarged up (or reduced 
down) to a constant size in the finished print, photographs 
taken with any camera or lens, at any distance, will all show 
identical blur if the exposure-times were the same. 

In photographing athletics and the like, allowance will have 
to be made for arms and legs that may move at least twice as 
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Moving Objects 

fast as does the athlete's body an a whole. Reasonably 
close-up pictures of athletic sports generally require exposures 
of ,i„ to sec, depending on the size of the figures 

and the rapidity of their movement. 

In this connection the following table may be of value. 
Though perhaps more convenient for reference, it should be 
regarded as secondary in importance, and in accuracy, to the 
method of determining shutter-speeds already given. 

Shutteii Speeds Required for Moving Objects. 

35 ft. away. 10 It. avray. 
Figures standing, or strolling towards camera . 1/50 ' l/roo 
Figures strnllinc; across or walking toward* itinera i.'ioo ^250 
Figures ivalkinK a cm; 5 or runnin!; towards camera . l/aoo if JOO 

FEaurcs runninc, across camera , t/joQ !.■[:;," 

Lars, 10 in. p.]i. towards camera .... I'ton l/ajn 
Cars, 10 m.p.h. across, or 30 m.p.li. towards camera . 1/300 or t/750 or 

faster. faster. 

For faster cars at any distance .... Fa [law in tuulcr 3 [id List 

hichest speed. 

Cyclists, or trotting horses, towards camera . . 1/150 t/5°o 
Cvcllsti, or trotting horses, across camera . . i.^oo i/r^^o 
SjHjrtin;; events : races, jiimcs, hurdles, etc. . . Highest available speed 
Swimmers : oath Ins scenes with movement . .1.'?; i/aoo 
Divers , , . . , * , . 1/500 1/2250 
Yachts, strainers, etc., at 50 It. or over , i'ioo 

Speed-boats, towards camera at 50 ft. or over . . 1/130 
Speed-boats, across camera at 50 It. or over . . . 1/300 

Since much depends on whether the object is moving towards 
or across the lens and on the independent movement of parts 
(e.g., legs and arms) in objects that do not move as a whole as 
does a motor car, the figures given in -the above table are at 
best approximate. 

The instruction in the above table to 1 ' Fodow in finder and 
use highest speed " indicates another line of approach to the 
photography of fast-moving objects. Where the object moves 
as a whole, it is theoretically possible to keep the image com- 
pletely stationary on the film by so swinging the camera as to 
keep the object always in the same position in the finder. In 
practice it is difficult to do this with real precision, but it is 
easy to reduce the image-movement so far that sharp pictures 
of a racing car at 100 m.p.h. can be taken with exposures of 
i /200th to 1 /300th second, though shorter exposures may be 
given if the shutter and the prevailing light permit. Photo- 
graphs taken in this way show the object sharply, but the 
background is blurred owing to the movement of the camera. 
This may or may not be objectionable ; often it is of great 
assistance in suggesting the rapid movement of the object. 

(For distortion caused by focal-plane shutters, see SntiTTKHS.) 
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M.Q. An abbreviation used for inctol-quinol or metol- 
hydroquinone developer. (See Development, also Metol and 
Hydroquikone.) 

Multl grade. An enlarging paper introduced by Ilford, 
Ltd. coated with a mixture of a soft blue-sensitive emulsion 
and a hard yellow-sensitive emulsion. By suitable choice of a 
blue or yellow filter over the printing light or the lens of the 
enlarger, this paper may be made to give a print of any con- 
trast from verv hard to very soft. Alternatively, the exposure 
may be suitably divided, part being given by blue and part by 
yellow light, the relative times given through the two filters 
controlling the contrast. 

Multiplying Camera. A camera for making a number 
of small negatives on one plate. (See Repeating "Rack and 
Polyfose.) 

Muriatic Acid and Muriates. Muriatic acid is an old 
name for hydrochloric acid, and chlorides were called muriates. 



■ 



4f)i 



Narrow Angle 



Nature Photography 



— N — 

Narrow Angle. Sec Angle of View and Wide Axgle. 

Nature Photography. A very important branch of 
photography which has accomplished a great deal towards 
awakening a wider and a more intelligent interest in natural 
history. Under 1 1 lis heading may be placed the pi into graphing 
of birds, animals, fishes, insects, plants, and geological subjects. 

The subjects to be photogra plied will largely determine the 
choice of camera. Where it is to be used in the hand for sub- 
jects not likely to wait while a tripod is erected, a reflex or 
miniature camera is generally preferred, selecting those types 
which can be fitted with long-focus or telephoto lenses. These 
enable the photographer to take Ins stance at a greater distance 
from the subject, thereby reducing the risk of alarming the 
animal, bird, or reptile, and reducing also any danger there 
may be for the operator or his apparatus. The lens used 
should be of large aperture, thus enabling high shutter speeds 
to be used for moving creatures, and making it possible also 
to give snapshot exposures in dark and shaded places. Unless 
grain is feared, the fastest sensitive material should be chosen 
for the same reasons. 

For the photography of small stationary objects such as 
flowers, plants, geological formations or specimens, or insects 
that have been caught and taken home to photograph, a liand- 
ancl-stand camera with ample extension is more suitable. A 
camera of this type is convenient also for bird photography 
from a hide, or for any work where a tripod can be used and 
focusing dune on some fixed point such as the month of a 
rabbit's burrow or a bird's nest. As such a camera usually 
has a diaphragm shutter, which have lighter releases than 
focal- plane shutters, it is specially suited for use with a remote- 
control release. 

The sketch on the next page shows how an effective remote- 
control release for a shutter may be made by those possessed 
of suitable metal-working fools. When the electrical circuit 
to til e electro-magnet is closed (by a switch, in series with a 
battery, attached to the Ilex wire shown) the magnet 
attracts the clock-spring downwards, disengaging it from" the 
gramophone needle set into the sliding bar. The spring then 
pushes the latter across, so pressing the antinous release- 
attached to the shutter. 
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The following hints 
on bird photography 
by Oliver G. Pike 
should be noted : — 

When stalking a 
bird, don't walk 
straight towards it, 
but walk in a zigzag 
fashion, stopping every 
few steps. 

If photographing a 
bird at a nest, always 
try to be hidden with 
the camera. 

Never keep a bird 
off its eggs more than 
two hours. If it does 
not return in that 
time there is some- 
thing wrong with the 
photographer's 
method of hiding. 

If it is not possible to hide with the camera, use string, or 
an electric release for the shutter. When using the former, 
attach the string to the shutter release with a piece of thin 
cotton. This will prevent the camera rocking during exposure, 
for if the string is pulled too hard the cotton breaks. 

Don't try to make slow exposures with a telephoto lens 
while holding the camera in the hand. A solid support must 
in such cases be used. 

Remember that it is always better to obtain a small and 
sharp image of the bird on the plate than a large and badly 
focused one. It is always better to use backed plates when 
photographing sea birds. 

A very rigid tripod should be used with a large top. It is 
a good plan to also have a small tripod, 18 ins. high. This is 
very useful when working in a tent or under shelter. 

(See also Zoo Photography.) 

Negative is the term applied to a photographic image in 
which the lights and shades are reversed. Negatives can be 
made on sensitised plates, films, or paper, by direct action of 
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Negatives, Defects, etc. 



light in the camera, or by printing, in a frame or through an 
enlarger, from a positive. (See Plates, Films, Development.) 

Negative Storing. For plates, paper negative-bags or 
envelopes arc both convenient and compact, and allow of 
any desired data being written upon them. A complete file 
is easily made by pasting a contact-print on the front uf each 
bag and writing data on the back. Stored in boxes, or 
drawers of card-index type, they are both safe and easily 
located. 

Films can be kept in rolls if the enlarger is fitted with a 
carrier allowing the film to be fed through in a continuous 
strip. Frequent rolling and unrolling is, however, a prolific 
source of scratches, and it is safer to keep the negatives in 
transparent paper envelopes that allow the negatives to be 
seen without withdrawing them. In the larger sizes one 
negative per envelope is convenient ; in the smaller sizes a 
strip short enough to he stored flat but long enough to handle 
in comfort is preferable. Envelopes, separately or in album 
or wallet form, can be obtained commercially. 

Negatives, Defects and After - treatment of. Various 
defects may occur in producing a photographic negative. 
Some of these are due to chemical and some to physical action. 
Under the former head may be grouped stains and markings of 
various kinds, while under the latter may be included finger- 
marks, scratches, pinholes, etc. 

Drying Marks. 

Drying marks will often result from drying different parts of 
a negative at different rates. They may arise from a drop of 
water adhering to the film, making this part take much longer 
than the rest to dry, or from moving a partly-dried film or 
plate to a warmer or drier atmosphere when it is found to be 
drying slowly. Drying marks can often be cured by soaking 
for an hour or more at not less than 65 0 F., and re-drying, 
liehalogenising and redeveloping has also been suggested (see 
Redevelopment), 

Spirit-drying Alar/is.- — Methylated spirit is sometimes used 
to hasten the drying of a plate negative. Its use is occasionally 
followed by streaks. These indicate one of three things : 
either that tfie spirit contains, in undesirable proportion, some 
resin or gum soluble in spirit and insoluble in water, or that 
the plate has not been properly fixed and washed, or that the 
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same lot of spirit has previously been used too often for drying 
purposes. A plate that is surface -stained by methylated 
spirit should be re-bathed in new spirit of good quality, and 
well rubbed with a plug of cotton- wool. A plate dried by 
this method should not be set up on edge to drain and dry, but 
should be laid flat down at once on a sheet of blotting-paper, 
and have the surface spirit quickly taken off by another piece 
of fluftless blotting paper. 

Stains. 

Silver Sin his. — These occur when a negative gets damp 
while in contact with a printing-out paper, all types of which 
contain soluble silver salts. The stain should be exposed as 
little as possible to strong light, which darkens it and makes 
it harder to remove, and should be treated as soon as noticed. 

If it is not large or very marked, it may often be removed 
by prolonged immersion in a clean, strong, hypo bath, aftci 
which the negative is washed and dried as usual. 

If, on the other hand, the stain is large and heavy, it should 
be rubbed away as far as is safe with powdered pumice on the 
li tiger-tip or with Baskett's reducer, leaving only the residue 
to be removed by chemical means. 

The following treatment is often effective : — Dissolve in 
methylated spirit enough iodine to impart to it a pale yellow 
colour. Immerse the negative in this till the stain begins to 
turn yellow-grey. Wash the negative, and then rub the stained 
part with cotton- wool moistened with I per cent, solution of 
potassium cyanide. If the latter is difficult to obtain, use 
instead a fresh 20 per cent, hypo solution. 

Iritlesrent $m^Cf marking and Developer Stains. (See 
Stains.) 

Mercury Intensification Stain. — The chief causes of this stain 
arc cither imperfect fixing, imperfect washing after fixing, or 
imperfect washing after bleaching. But yellowing may be due 
to light and time. The following are all recommended : — 

1. Re-halogeuise, wash well, and re-develop. (Sec Re- 
development.) 

2. Place the negative in a clean hypo fixing bath for half an 
hour, then wash it thoroughly, 

3. Immerse in a weak uranium intensifying bath until the 
shadows are slightly green. Wash until the greasy appearance 
is removed. Then bathe in water 60 parts, ammonia 1 part. 
This will effect a slight reduction. If the yellowing is due to 
age, bathe in 1 per cent, ammonium sulphide. 
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4. After treatment No. 2, immerse in water 1 oz, (100 c,c.), 
Schlippe's salt 8 grs, |i-6 gms.), ammonia 10 mins. (2 c.c). 
Again wash thoroughly-. 

5. After treatment No. 2 the negative may be again mercury 
bleached, washed, and darkened in the usual way. 

Fog. — Negatives may be defective through being fogged by 
accidental exposure to light. This is treated under Fog 
(q.v.). 

Physical Defects. 

Blisters, to Reduce— Blisters or frilling round the edges are 
due to the gelatine absorbing water, swelling, and parting 
company with the glass plate. After the plate has been 
thoroughly washed it should be wiped with a tuft of cotton- 
wool and then methylated spirit applied to the affected parts 
with the ;dd of a soft brush until the part has contracted again 
to normal size. The plate is then allowed to dry in a cool, airy 
place. (See Blisters and Frilling.) 

tnk-stai-ns on Negatives. — Ordinary writing ink can generally 
be removed by ba tiling the negative in a dilute solution of 
oxalic acid, or potassium binoxalate or ouudroxalatc (" salts 
of lemon," " salts of sorrel "), Aniline ink, such as is in common 
use with copying pencils, etc., is usually removable by bathing 
in water slightly acidified with hydrochloric acid. A bisulphite 
or met a bisulphite has also been suggested. 

Oil, Grease, Fat-markings. — Rub the part stained with a 
tuft of cotton- wool moistened with benstene or alcohol, and 
then bathe the plate in methylated spirit. 

Pinholes. — -Tins name is given to those very small more or 
less circular clear spots caused by tiny particles of dust 
clinging to the film and blocking out the "light at this part at 
the moment of exposure. They may also be caused by dust 
particles finding their way to the iilm surface after exposure 
and before development. The remedy is to keep the interior 
of the camera free from dust. 

The usual method of dealing with pinholes is to spot them 
out with a small quantity of pigment so as to match as nearly 
as possible the surrounding parts. Ordinary water-colours, 
e.g. L'imp-black, will meet the case, ff a trace of gum arabic 
be added to the water, it will be found to aid working. With- 
out the addition of the gum it is sometimes ditlicult to prevent 
the colour forming a dark ring round the pinhole spot— if it 
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be at all large— and leaving a clear part in the middle of the 
spot. 

1. Brush. — This should be a nicely pointed " No. t camel 's- 
hair." The beginner's usual fault is to load the brush with 
too much pigment and to use it too wet. The baish should 
be nearly dry, and only the tip charged. The colour placed by 
one light dab on the spot, and then left. 

2. Mapping-pen. — A very line mapping -pen may be used, 
either with water-colour or Indian ink rubbed up rather stiff 
with a drop of yum water. 

3. A stout brittle may be stuck to the end of a wooden pen- 
holder witli a " blob "'of sealing-wax. The end of the bristle 
is cut " skew," so as to yield an elliptic section. With the tip 
of this, one may convey from the palette to the him either a 
small or comparatively large drop of the pigment, according 
to the angle at which the bristle is used. 

When a negative is required for enlarging, it is easier to get 
rid of pinholes in the shadow portions' — where the contrast 
between the clear pin-hole and surrounding thin part is not 
very great — by means of a retouching pencil than by brush 
and colour. The film is prepared in the usual way by rubbing 
it with a drop of retouching medium and flunless rag, and then 
dotting the pinhole with a retouching pencil. 

(Sec also Bkokkn Negativks and Stkippino Negatives.) 

PlCTOIilAL DlCFECTS. 

There are few negatives which will not be improved in a 
pictoiial sense by some after-treatment. To intensify a negative 
locally the ■uranium intensifier (see Intensification) should 
be used. If desired, the high lights may be reduced by the 
local application of Farmer's ferricyanide and hypo reducer. 
Another method is to coat the back of the negative with 
coloured varnish, scraping it oil with a sharp penknife over 
tho.se parts we wish to print more deeply. 

For large negatives the most effective plan is to affix a 
piece of tissue paper, or " papier mineral," to the back of the 
negative and work on this with pencil or stump. The tissue 
is best applied by first wetting it and then laving it carefully 
on the glass side of the negative which lias had a thin line of 
strong adhesive, such as Seeeotine, applied round the edges. 
The paper will dry taut and afford an excellent base for working 
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on with a soft pencil to accentuate high lights, a stump and 
conte crayon to broaden masses of light or introduce clouds, 
while shadows and shadow details can be " asserted " by 
painting over the paper in the desired places with a solution 
of wax dissolved in benzene. This renders the paper trans- 
lucent wherever applied. (Sec Flu;, Retouching, and Stains. 
See also Films, Fiui.ijng, Intensification, Reduction, 
Washing, Hypo Eliminator, Broken Negatives, and 
Stripping Negatives.) 

Negatives, Stripping of. See Stripping. 

Newton's Rings. An interference effect arising from close, 
but not quite perfect, contact between two surfaces. Generally 
met with photographically when enlarging from a film ; the 
glass plate holding the film ilat may make perfect contact at 
one point, and imperfect contact round it. The point is then 
surrounded by irregular concentric rings of colour, which show 
on the enlargement as rings alternately lighter and darker 
than the rest of the print. The plain celluloid back of 35 mm. 
cine film is particularly prone to give rise to this trouble. A 
mask between glass and film to prevent actual contact is the 
only cure, short of smearing the film with glycerine to ensure 
absence of air between the two. New ton's rings are also 
sometimes seen in projecting a celluloid transparency bound 
between glasses ; in this case the rings are, of course, seen 
coloured. 

Newton's rings may also make their appearance in lenses, 
if two glasses of the same curvature make imperfect contact. 
One or two lenses have been designed in which adjacent sur- 
faces of the same curvature have been left uncemented in 
order to provide alternative focal lengths by removal of one 
of the glasses (convertible lenses), but in general the 
appearance of the rings is an indication that the cement has 
deteriorated. 

In the manufacture of lenses, or the preparation of optically 
flat surfaces, the presence or absence of interfere nee -effects of 
the same type as Newton's rings may be used as a test to 
determine whether the surface lias been ground to the required 
form. 

Niepceotype. (1) A term sometimes applied to the bitu- 
men process, invented by J. N. Niepce about 1S16, and the 
First method by which a camera picture was obtained. [ >) The 
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albumen process on glass (sec p. 13) due, as far as its main 
features are concerned, to Niepcc de St, Victor, 

Nfght Photography. See Artificial Light, Photo- 
graphy by. 

Nltraphot. An electric lamp specially intended for por- 
trait work. The standard type consumes 500 watts, and gives 
light about equivalent to 1,000-watt lamp of normal type. 
Average life, 100 hours. It is internally frosted (" pearl "), 
smaller in dimensions than a standard 500-watt lamp, and is 
fitted with E.S. cap. See also Over-Kdx LAiirs. 

Nitrate Film. Term applied to 35 -mm. film coated on a 
base of cellulose nitrate instead of the cellulose acetate normally 
used for miniature camera work. The nitrate base is highly 
inflammable, whereas the acetate base is not. As the nitrate 
base is universally used for professional cinematography, the 
nitrate film offered to amateurs is usually derived from the 
" short ends " of the cine studios. 

Nitric Acid (Fr,, Acide nilrique ; Gcr., Salpetcrsthtrc). 
HN0 3 =63. Synonym : Aquafortis. Prepared by distilla- 
tion from Chili saltpetre (sodium nitrate) and sulphuric acid. 
A heavy liquid fuming in the air. It is extremely corrosive 
— the antidote being any alkaline earthy carbonate, as chalk, 
lime, magnesia. 

Nitro- Hydrochloric Acid. See Aqua Rjcgia. 

Nodes, Nodal Points. These are formally defined in the 
article Lkxs, Their practical importance lies in the fact that, 
so long as we measure the distance from image or object on one 
side of the lens to one node, and of object or image on the other 
side to the other node, the distances precisely lit the simple 
lens-formula 1 derived from the case of a lens so thin that it 
does not matter to what part of it measurements are made. 
All such distances given, or calculable from formula;, in this 
book refer to measurements made from the appropriate node, 
not from the front or back surface of the lens, nor from any 
other fixed point — e.g., the diaphragm. One or both nodes 
may in some cases lie right outside the lens ; in telephoto 
lenses this is almost always the case. 

The node to which object-lens distances are measured is 
often called the node of admission, since it concerns light 
entering the lens ; the node from which lens-image distances 
arc measured is similarly often called the node of emission. 
(See Llxs.) 
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Non-Actinic Light Non-Filter Plates 

Non-Actinic Light. Light devoid of chemical — i.e., photo- 
graphic- — action. No light is absolutely non-actinic, even 
with material not sensitised for colours other than blue, but 
the term is applied to light that can fall reasonably freely on 
the material in use without affecting it appreciably. (See 
Light ; also Daiik Room and Safelight.) 

Non-Filter Plates, Term applied to certain varieties of 
orthochromatic plates that give reasonably correct colour 
values without the use of a light-filter, (See CoT.otrn-SEN- 
sinvi: EMur.sioxs and Filtkhs.) 
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Obernettcr's Process Oll-Plgment Process 

— O — 

Obernettcr's Process, or Lichtkupfcrdruck. A mechani- 
cal printing process giving extremely pleasing results. The 
silver image of a gelatine positive is converted into silver 
chloride, and the film is then stripped and applied to the 
surface of a copper plate, and, under the influence of an electric 
current, the silver chloride is decomposed, and the chlorine 
unites with the copper and etches it to a greater or less degree, 
according to the depth of deposit of silver chloride. The 
result is a grained intaglio plate of extreme delicacy and beauty, 
which is inked and printed from as is any other intaglio plate. 
See PnoTo:.r]:c']iA.\K'Ai. PROCESSES. 

Objective. A term sometimes applied to the image- form- 
ing lens of an optical instrument, as, for example, the lens used 
with the photographic camera or enlarger. (See Lkns.) 

Oil Paintings, to Copy. Sec Copying, 

Oil -Pigment Process. This process is a method of making 
photographs in oil pigments on a gelatine base, in which 
the image has been produced by the action of light. The 
procedure is as follows : — 

Paper covered with a thin coating of gelatine, such as the 
double transfer paper used in the carbon process, is sensitised 
by lioating on a 5 per cent, solution of potassium bichromate. 

Alternatively, the solution mav be brushed over the gelatine 
surface with a Blanchard brush (tj.v.). 

The entire surface is rapidly covered in broad, even strokes, 
and an even amount of solution is taken up and spread, and 
the operation repeated in the opposite direction. The paper 
is then put away in the dark, and when quite dry is ready for 
printing. With a spirit seusitiser (see Carbon), the paper 
dries in a very few minutes. 

The bichromatised paper, when dry, is exposed under the 
negative to daylight. A strong negative is required. The 
exact time for printing is determined by an inspection of 
the surface of the bichromatised paper, care being taken not 
to expose it unnecessarily to light. 

The image is fully printed when detail can be clearly seen 
in the highest light. The print is now removed from the 
printing frame and washed in plain water until all trace of the 
yellow bichromate stain lias disappeared, when it is completely 
insensitive again. 
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The print is now placet] on n pad >if wet blotting-paper, and 
inketl up exactly as described under [Jko.moil. 

Oil Reinforcement. Process of " finishing " a print 
(usually bromide) by reinforcing or modifying the image with 
oil pigment. (See 'Retouching and Finishing Bromides, under 
Brojudi: PArmi.) 

Oil -Transfer Process. A method of transferring the pig- 
mented imago produced in an oil print (tj.v.) to another paper 
support by means of pressure, the process thus being analogous 
to collotype, (See BitoMolt. Transfer.) 

Oleobrom Process. A modification of the bromoil process 
(17.1'.). The paper, ivhich is a specially prepared bromide paper, 
is bleached in the ordinary way, surface dried, inked all over 
by means of a roller, and then the image developed with the 
inked roller under water, and finally cleaned up also by special 
cumpo.-utf roller.-;. 

Opacity. In photography, the light-stopping power of an 
imrige. A deposit of silver that stops seven-eighths, and 
passes one-eighth, of the light incident upon it lias an opacity 
of ». In this more technical sense, opacity and density must 
be sharply distinguished ; the latter is the logarithm of the 
former. (See Sensitometry and Density.) 

Opal and Opalotype, Opals, which were opal glass (q.v.) 
coated with emulsion, were at one time often used for producing 
Opalotype transparencies. A similar result may be obtained 
by transfer (see Transferotypi;, Carbon PROCESS). 

Opal Glass. Glass so treated as to appear like porcelain, 
but remaining highly translucent. Chiefly used in photography 
as a diffusing screen for enlargers. (See Flashed Oi'al.) 

Opal Lamp. Electric bulb of opal glass [q.v.). Used in most 
modern enlargers as a source of diffused light. A "pearl" 
(internally frosted) bulb gives very much less diffusion. 

Optical Contact. Sec Contact. 

Optical Flats. Pieces 01 glass, the surfaces of which are 
both plane and parallel to a very high standard of exactitude. 
Their use in photography is practically confined to light filters. 
Unless the coloured glass of which the filter is made, or the 
two pieces of clear glass between which a gelatine filter is 
cemented, have truly flat surfaces precisely parallel with 
one another, the definition of the photograph may be slightly 
degraded. For all normal use picked samples of " patent plate " 
glass are sufficiently satisfactory, but for exacting work, 
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Optical Glass Over-Exposure 

especially with lenses of long focus and wide aperture, a filter 
in optical flats is very desirable. 

Optical Glass. See Glass. 

Optical Lantern. See Projector. 

Optical Sensitising. Tin- use of a dye to confer upon a 
photographic emulsion sensitivity to light of wavelengths to 
winch the silver halides are insensitive without such aid. An 
outline of the history of the development of optical sensitising 
will be found in Chapter XXI 11 of The Theory of the Photo- 
graph,,- Process, by t\ E. K. Mcts. .Much technical detail is 
Riven in a succeeding chapter. 

Optics. That branch of science relating to the nature and 
laws of light. 

Orange Light. In referring to light filters or dark-room 
safehghts, this term implies light from which blue and blue- 
green are absent, so giving the sensation of orange. Such 
light is " safe " for slow non -colour-sensitive material such as 
bromide paper, fn referring to the spectrum, or to the 
sensitivity of a film to colours, orange light means light of 
wavelength round about 6,300 A.U. (See Light.) 

Orthochromatic Emulsions. Svnonvm. fsoehromatic 
Terms applied to emulsions, whether on plates or films, that 
have been rendered sensitive to green and yellow light 
(See COLOUS-SeNSITIVE IiMfl.siO.Vs.) " 

Ortol. Mixture of hydroquinone and methylorthoamino- 
plienol sulphate. Developing agent obsolete since 1014. (See 
Development.) t ' 

Out-of-Date Films. Term applied to films that have been 
kept beyond the expiry date marked on the carton. This date 
indicates the expiry of the period during which the manu- 
facturers are prepared to guarantee that the I ihu. if reasonably 
stored, will remain in substantially fresh condition Fre- 
quently they remain in perfectly Lisa hie condition for many 
months past this date, though thev may lose a little speed 
See also S/n!,- Films, under Pilhs. 

Over- Exposure. An over-exposed negative is one to which 
so long an exposure has been given that the high lights are 
flattened and lacking in contrast. (See Sessitomi:t"rv and 
Exposure.) An over-exposed print or lantern-slide is one 
that, having received correct development, is too dark and 
heavy. In both negatives and prints the effect of over- 
exposure can often be lessened by reduction {i].v.}. 
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Over- run Lamps 

Over- run Lnmps. Any electric lamp used on ;l voltage higher 
than that with which it would hist out the normal life of 1,000 
hours is said to he over-run. Lamps of the photo-flood type 
giving alxaut as much light as a normal 8oo-watt lamp, but 
consuming only 275 watts, are heavily over-run ; their life is 
about 1 hours. The " nitraphot " lamp, giving as much light 
as a normal bulb of double ils consumption, is slightly over- 
run, and has a life of about 100 hours. Ordinary electric 
bulbs m Liy be over-run ; their life is greatly reduced and their 
consumption of power increased, but the light-output rises 
steeply and efficiency is considerably increased. 

Thi' following table shows the performance of a lamp run at 
various voltages, that for which the lamp is rated tniing taken as 
unity. The figures are amply accurate as a guide to photo- 
graphic work, but are not precise ; they will vary a little with 
the rated power and voltage of the lamp. 
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For reasons of space, column-headings are perhaps a little 
cryptic, but an example will make things clear. Suppose a 
200-volt 100-watt. lamp is run on 240-volt mains. Then the 
voltage is t 1 times that for which the lamp is rated. The 
expectation of life is about 250 hours, and the power consumed 
will be 1 '35 times the rated wattage— i.e., 135 watts. The 
efficiency will rise from ro to 14 1 lumens per watt., and this, 
taken in conjunction with the rise in power- con sumption, 
will increase the light-output to just double that which the 
lamp would give if used on its rated voltage. The colour- 
temperature (t/,f.) will rise to about 29^0° A. 

It is quite safe to over-run ordinary lamps a little without 
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taking special precautions, but if heavy over-running is to be 
attempted a closely calculated fuse, rate tn blow at very little 
more than the expected consumption of the lamp, should be 
inserted in the circuit. "Without the fuse, there is just the 
possibility that if the lamp burns out it mav explode [is it 
does so. SeeFL'si:. 

See also I'iiotoflood and Nithafhot. 

Ox- Gall. A liquid preparation made from the nail of the 
ox, and obtainable from artist's colourmcn. It is used 
photographically to make w ater-colours " take " on the sur- 
face en prints and slides. 

Oxidising Agent. Chemical substance capable of yielding 
up oxygen, or its equivalent, to other substances. Potassium 
permanganate ami other substances used for bleaching or 
" reducing " negatives or prints are tvpical of this class of 
substance. (See Reducing Agext, and Reducer.) 

Oxygen. O .-. 5 to. Gaseous element making up about 
one-fifth of the atmosphere, the bulk of the rest being nitrogen. 
It is the most abundant element known, forming about half 
the weight of the entire earth. Combustion consists, in all 
usual cases, of combination with oxygen, and it is the gas 
absorbed by animals during respiration. A developing solution 
will soon absorb oxygen if exposed to the atmosphere, and 
will lose its ability to develop. Other photographic chemicals, 
including particularly sodium sulphite and sodium sulphide, 
must also be protected from atmospheric oxvgen. (See 

Atmospheric action.) 

Oxy-Hydrogcn, Oxy-Culcium, or Drummond's Light. A 

cylinder or ball of lime is heated by a blowpipe llame fed with 
oxygen, and glows with a brilliant light : this light was for 
many years the chief illuminant for optical lanterns. 

Ozobrome. This process, due to Thomas Manly, is a 
method of making carbon prints from bromide prints or 
enlargements without the action of light. The process in an 
improved form is now known as Carbro (-/.i 1 .), 

Ozotype. A process patented by Thomas Manly, in which 
a print is made on. gelatine-coated paper sensitised with a 
bichromate. A pigment image is developed after squeegeeing 
in contact with carbon tissue that lias been previously soaked 
in an acidified solution of liydroquinone or ferrous sulphate < 
The Ozobrome process (q.v.) was developed from the earlier 
Ozotype. Sec also aIakiotvpe. 
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Palladium : Palladiotype. Palladium is a metallic clement 
sometimes found native in the nearly pure state, and frequently 
with platinum, which it much resembles. It has been recom- 
mended for toning transparencies and enamels, but its use is 
limited, Palladiotype is a printing process similar to platino- 
type, but with palladium in place of platinum. Full details for 
working palladiotype are given under Pi.atinotype [q.v.]. 

Panchromatic Emulsions. Plates and films sensitised for 
all visible colours, including red, are termed panchromatic to 
distinguish them from those which have been sensitised for 
ami yellow only (Orthochromatic, q.v.). See Colouk- 
sENsmvi; Emulsions. 

Panel. Commercial name for a photograph of size about 
4 by SK ins. (See Sizrs.) Also applied to any photograph 
of long, narrow shape. 

Panning. Term applied by the cinematographer to a slow 
traversing movement of the camera, as a result of which the 
view moves sideways across the screen when the picture is 
projected. By this means a wide space of country can be 
surveyed. 

The still photographer uses the same movement of the 
camera, and calls it by the same name, when he follows a 
moving object in his Under to enable Mm to get a sharp picture 
of it with a lower shutter speed than would normally be 
required. (See Moving Objects.) 

Panoramic Camera. A camera taking long and narrow 
pictures, the angle of view corresponding to the greater 
dimension of the negatives being greater than can be included 
by a lens. The film is bent in a curve, and during the exposure 
the lens rotates about an axis passing through the node of 
emission at right-angles to the line of sight, in order to sweep 
out the entire tie Id of view. Behind the lens is a tube ter- 
minating in a narrow opening the length of the narrow way of 
the film ; this tube rotates with the lens, exposing the film 
piecemeal. 

Panoramic Head. A tripod-head capable of revolving on a 
vertical axis, ami graduated, in degrees or otherwise, to show 
how far to turn the camera after each exposure to ensure 
that successive views will over lap enough to enable them to 
join correctly to form a panorama (see Panoramic Views). 
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Panoramic Views Paper Negatives 

To join prints from negatives made with a panoramic head 
it is necessary to trim so that the amount cut away from each 
end of each print is the same. 

Panoramic Views. If a special panoramic camera (j.h.) is 
not available, an ordinary camera may be used, a series of 
pictures being taken in succession from a fixed point and subse- 
quently combined. It is preferable to mount the camera on a 
tripod, if possible with a panoramic head (r/.u.), so as to ensure 
that the axis of the lens is strictly horizontal. 

As cylindrical perspective (required for a panorama) is not 
the same as plane perspective (as given by a camera), adjacent 
views will only match accurately if the line joining the lens of 
the camera to the part of the view at which the junction is to 
be made makes equal angles with the two successive directions 
of the axis of the lens. 

After trimming the edges to be joined, the prints may be 
mounted as follows. First, place them face outwards on a 
window so that the images can be seen through the paper, 
and make registration lines on the edges of each print. Then 
soak them till the paper is fully expanded, and squeegee them 
down in register on a glass coated with collodion (see GtAZING 
Phi nts). Check registration from the front. Before the prints 
are dry, paste over their backs a piece of stout paper that has 
been well wetted, using a thick paste ; the contraction of this 
will prevent the prints from separating as they in turn con- 
tract on drying. When the whole, is dry, strip from the glass, trim 
round the four outer edges, and mount tile assembly as desired. 

It should be noted that no panoramic picture can ever be 
seen in correct perspective if it is presented on a plane ; if 
taken with a panoramic camera tiie print should be bent round 
in a circle, or part of a circle, the radius of which is equal to the 
focal length of the lens. (Or to m times this, if the prints have 
been made by an enlargement of m diameters.) For viewing it, 
the eye should be placed at the centre of the circle. The 
corresponding formation for a built-up print is closely similar, 
but the circle should strictly be replaced by a polygon", one side 
of which is formed by each separate print. 

Paper Negatives. Negatives made on a paper base in place 
of glass or celluloid. Paper roll " films " are on the market 
and special negative paper is made in all standard cut sizes! 
F,xposurc is normal, and development is done as for a bromide 
print, the density of a normal print being aimed at. Printing 
is by reflection, using a projector of episcopic pattern (sec 
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Paper Negatives 

Episcope) both for "contact" (samc-ske) prints and for; 
enlargements. The sole advantage of the paper negative for 
direct work in the camera is its cheapness. 

It is, however, in the production of enlarged negatives that 
the paper negative is of the greatest value. Besides cheap- 
ness, it offers lightness and lack of risk from breakage, but in 
particular it allows broad retouching to an extent hardly 
possible with any other type of negative. In addition, it 
enables the amateur to make use of the various daylight 
printing processes for the production of large pictures and 
exhibition prints. For this purpose, the paper negative 
requires to be much heavier than for printing by reflection ; 
it must be judged, as it is to be printed, by transmitted light. 

For making the enlarged negative a small transparency is 
of course needed. This is generally made by contact from 
the negative on a slow plate." This positive should reproduce 
all the delicate gradations of the original negative and in 
appearance it should be somewhat " ilat." 

The procedure m making the enlarged negative on paper is 
precisely the same as that followed in making a bromide 
enlargement. Thin, smooth, bromide paper may be employed, 
but special negative paper is obtainable from several makers. 

In making the paper negative, correct density must be 
judged by transmitted light, making allowance for the thickness 
of the paper itself. Developer and fixing bath are exactly 
as for bromide paper. 

If the grain of the paper is thought to be too obtrusive, or 
if it takes too long to print, the dry negative can be rendered 
more translucent by nibbing into the back with a pad of 
cotton- wool a solution of one part of Canada balsam in live 
parts of turpentine. 

Another method is to heat para fun wax or white beeswax 
in a shallow tin tray placed in a dish of boiling water. The 
paper negative is floated on the liquid wax, film side -ip. It 
is then removed, placed between blotting-paper, and ironed 
with a hot iron. Alternatively, two treatments with a brush 
dipped in vaseline oil may be given at an hour's interval. 

Before treating, by any process, the paper must be dried 
before the fire to drive out all trace of moisture, otherwise 
the wax or Canada balsam will be excluded from the moist 
fibres, so accentuating the grain of the paper. 

Grain may be very greally lessened in any paper negative 
or intermediate positive by exposing through the paper when 
making it j there is then included with the pictorial image an 
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image, in negative, of the grain of the paper. On printing 
from this, the grain-image tends to nullify the grain which 
caused it. More accurate compensation for grain can be had by 
exposing the back of the paper to light without the inter- 
vention of a negative or positive. The length of this exposure 
must be adjusted, by previous trial on a test-strip, so that 
on development to finality the image exactly neutralises the 
grain. This exposure may be made before or after printing 
tlie photographic image, which is now done on the sensitive 
side of the paper, and not through the back. 

The paper back of the negative offers endless opportunities 
lor the correction of faulty tones or for the entire removal or 
alteration of any objectionable detail. This work can be 
accomplished by means of pencil or stump, and trial prints 
should be made at intervals to note progress. For retouching 
the negative is lightly held to a window by means of pieces 
of gummed paper at the edges. 

If the entire negative is not rendered translucent, shadows 
can be darkened by rendering small portions translucent 
where necessary. The Can a da- balsam treatment is best for 
this local work. If the greatest degree of control is desired, 
a paper positive may be made by enlargement from the 
original negative, retouched as required, and then printed by 
contact to give the final enlarged negative on which more 
pencil work may again be dune. In this method work 
involving darkening is done on the positive, that involving 
lightening of tones in the final print being done, as before, 
by darkening the negative. 

In the absence of a large printing frame, two sheets of 
stout, clear glass a little longer than the negative may be 
used. A piece of smooth opaque paper is laid on one piece 
of glass, then the printing paper, face upwards. On this is 
laid the paper negative, face downwards, and finally the other 
piece of glass. If the exposure is to be brief, as in printing a 
bromide, chlorobromide, or gaslight paper, the weight of the 
top piece of glass will be enough to hold negative and paper 
in good contact. Hut if printing is to be done by daylight, as in 
making a carbon or P.O.P, print, the glasses should be held 
together by bull-dog clips orothercon vemeut means. T he i t n pro - 
vised frame should not be touched until the print is fully exposed. 

(See also Enlarging.) 

Papers, Photographic, Testing of. The chief character 
istics of a printing paper that the user should know are speed 
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and contrast. Measurement of absolute; speed is beyond the 
range of the equipment of the ordinary amateur ; all he can 
do is to find the relative speeds of the different papers he uses, 
or of different batches of paper nominally the same. This 
can be done by comparing the times of exposure necessary- to 
produce either the first visible darkening on development, or 
a tone just distinguishable from full black, when the two 
papers are exposed at die same distance from a constant light. 
In either case he should have a standard tint, just off white 
or just off black as preferred, against which to determine the 
exact value of the exposure-times. 

As two papers may not have the same contrast-range, 
comparisons of speeds made by these two methods may not 
indicate the same ratio of speeds. Either method of com- 
paring speeds will give the desired information, however, 
provided it is supplemented by an independent determination 
of the contrast-range of the paper. This can be carried out 
by giving a series of exposures test-strip fashion, and observing 
the ratio of the titnes necessary to give the two standard 
tints just mentioned. 

If a nearly full black requires ten times the exposure needed 
to give a just- visible darkening, the contrast-range of the 
paper is ten. If, however, the darker tone requires sixty times 
the exposure of the lightest, the contrast- range is sixty. For a 
full-range print with the former paper, the opacity- ratio 
between high lights and shadows in the negative would only 
need to be ten, whereas with the latter paper it would need 
to be sixty. The former paper, requiring the weaker negative, 
is of the contrasty variety ; the latter is a soft paper. 

Besides determining relative speeds, and the absolute value 
of the contrast, the tests that an amateur can apply to printing 
paper are few and unimportant. About the only other useful 
test is one for condition. An old paper, or one that has been 
improperly stored, is liable to give " mealy " prints with 
foggy, mottled edges. This shows up most noticeably on 
prolonged development ; if a print, made with a white margin 
to show up fog, still has clean fog -free whites after development 
for double the time necessary for apparent full development, 
the paper may be relied upon as being in good condition. 
Even though speed and contrast may have changed, it is still 
capable of giving prints of perfect quality from a negative of 
suitable contrast. 

Papier Mineral. A thin translucent paper, at one lime 
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used far alhxiiiy to bark of negatives fur working on in pencil 
or stump. (See Negatives. 0EFKCTS IK.) 

Parabolic Mirror. A mirror tin' cross-section of which is a 
parabola. Such a mirror has the property that a point source 
of light, placed at the focus of the parabola, is reflected as an 
accurately parallel beam. 

Parallax. Change in the apparent relative position of two 
objects when seen from different points of view. In scientific 
work generally, applied to such matters as the reading of the 
position of a pointer moving over a scale. If viewed at an angle, 
the pointer may appear to coincide with a scale-marking to one 
side of that against which it actually lies. Parallax-error of this 
type cannot arise if the pointer is in actual contact with the 
scale, and can be avoided, even if the pointer is some way 
from the scale, by choosing a viewpoint such that the line 
joining the eye to the pointer is exactly at right-angles to the 
surface of the scale. The foeusing-scnle of a camera using rack- 
and-pinion focusing often needs to be read with care if parallax- 
error is to be avoided. 

In addition to the above general meaning, the term 1 ' paral- 
lax " has a special photographic meaning. It is applied to 
indicate the difference between the view seen in a finder and 
that which will actually be photographed by the lens. As it is 
onlv in a single-lens reflex that the lens used for taking the 
picture is also used for viewing, parallax -errors may arise with 
cameras of any other type. 

If the axis of the finder is parallel to that of the lens, and is 
set four inches higher, the iinder will include four inches more 
at the top of the subject, and four inches less at at the base, 
than the negative will show. The four inches in question are 
of course, measured on the subject, not on the image. In taking 
a large object at a distance, (a mountain or a cathedral, for 
example) the error is completely negligible, but it may become 
important in taking a close-up portrait. If the sitter's hat is 
shown on the Iinder as just included, the negative may show 
nothing of it above the brim. 

ParuUtix-Lorrection is fitted to some cameras, the view- 
finder tilting down, automatically or otherwise, for near 
objects in such a way that the axes of the finder and of the 
lens intersect in the plane of the subject. By this means the 
boundaries of the picture in the tinder are made to correspond 
with those of the camera itself. 

A less ambitious form of correction often used is to restrict 
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the field of view of the tinder so that it does not include any- 
thing that will not also be included in the negative, so long as 
the distance of the subject lies wit bin the normal focusing- 
rangc of the camera. Such a finder does not at any time show 
the full field of view, but the discrepancy is not large. 

Neither of these methods of correction can prevent parallax 
in its more general sense ; even if the held of view of the finder 
is correct for objects in the plane focused upon, these objects 
must always be seen against different parts of the background 
so long as the viewpoints of camera and of finder are not the 
same. 

Parallax Stereogram. The parallax stereogram of F, E. 
Ives is a positive transparency which consists of narrow stripes 
alternately derived from the two halves of a stereogram ; and 
in front of this composite positive, but not quite in contact, 
there is fixed a line screen which is so adjusted that each eye 
sees its appropriate set of stripes. 

Paraminophenol | - 4 (N 1 1 ; |l' 5 H 4 (OH) = 109, Often written 
para-am inopheuol or /j-aminnpheuol. Sometimes called para- 
midophenol, A white or greyish powder, darkening on 
exposure to air, and best stored in a bottle sealed with a 
waxed -in cork. It is a developing agent of moderate 
activity. Watkins factor 1^ to 30 according to formula used. 
Particularly free from tendency to fog, even at high tempera- 
tures ; in consequence often preferred for tropical develop- 
ment. Docs not give aerial fog, and so is particularly valuable 
for developing films by the see-saw or drum method. 'Solubility 
in plain water, atiout 1 •.: per cent. ; less (about 0 ^5 per cent.) 
in 10 per cent, sulphite solutions or in solutions of sodium 
carbonate. 

With caustic alkalies paraminophenol makes a very highly 
soluble auiiuophenolate {e.g., (NH.)C e H JO Xa) ), enabling an 
extremely concentrated developer to be prepared. (Sec 
DiivtLOi'siKNT.) Kodinul, Azol. and C'ertinal are preparations 
of this type. 

Those who sutler from metol poisoning can in nearly all 
case.-, use paraminophenol, which has somewhat similar 
characteristics, with complete impunity, 

Paraminophenol is often sold in the form of the hydro- 
chloride (M.YV. i-t.v.i). which is much less easily oxidised 
by air. Care should be taken not to use the hydrochloride 
unless the formula definitely specifies it, particularly when 
making up a concentrated developer. When caustic soda is 
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added to the hydrochloride, common salt is formed, ;inil tlie 
low solubility of this limits the concentration of the developing 
solution. In other cases, note that four parts of the hydro- 
chloride have the same developing activity as three parts of 
parauiinuphenol base. In all cases, substitution of the hydro- 
chloride for the pure base will necessitate the addition of a 
suitable additional amount of alkali (0-275 gm. of caustic soda, 
Kir 0-305 grtl. of sodium carbonate, per gram of pnramino- 
plienoi hydrochloride) to neutralize the hydrochloric acid 
contained' in it. (Sec DBVELOPMXJfT and Thoi'R-.vl Worn;,) 

Para ph e ny 1 ene d ia m in e . Parad i a m inob e n zc n e N T T 3 C 0 H ^ N H 3 
= 108. Is usually sold in this country as the free base. 

Known in U.S.A. as Y'.V.Ji. Crystalline plates, colourless 
if pure, but a very small amount of impurity gives rise to <piitc 
,i deep colour. Often met with a pinkish powder, anil is 
soluble in cold water to the extent of about I per cent. A 
developing agent of low activity, much used in fine-grain 
development [q.v.), but can be considerably activated by the 
addition of other developing agents— in etui, glyein, and pyro- 
catechin are commonly used (see Meritol). With a caustic 
alkali, paraphenylenc diamine forms a developer of full normal 
activity, and no longer gives line grain. 

The thy substance, and its salts, may cause skin eruptions 
in sensitive persons. Solutions are harmless unless allowed to 
dry on tile skin. If spilt, developers containing patapheivy- 
lene diamine cause intense stains. 

When combined with pyrocatechin forms Mcritol (<l-V.). 

Paraxial. An optical term meaning " near the axis." The 
paraxial region of a lens is thus the central portion ; a paraxial 
ray is one that lies close to the axis throughout its path. 

Passe -Purtout. Term applied to a method of mounting or 
framing in which the print, mounted or otherwise, is sandwiched 
between a back-board of card or wood and a sheet of glass, 
the whole being held together and rendered dustproof by being 
bound round the edges by strips of gummed cloth or paper. 
Rings or loops are generally attached to the back-board so that 
the finished picture can be hung up. 

A piece of glass is taken of exactly the same size as 
the outer dimensions of the mounted photograph to be 
framed. (The usual plan is to trim the mounted print by 
the glass.) A piece of stout millboard or thin wood, also of 
the same size, is taken for the back-board. Strips of thin, 1 
tough paper of the desired colour, and cut to the length 
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of each side of the glass {four in all), are prepared. These 
should he about ; in. to i in. wide, and are stuck on with strong 
paste. The best plan is to apply the strips to the glass first 
so that about J in. of the length of each piece overlaps the 
glass. These four binding strips can now be allowed to 
dry on the glass, or the process can be continued at once. 
Turn the glass over, and remove all dust, finger marks, etc., 
place tin: print f:ice downward* on tin- gl^s, and t.hv backing 
board on top, (In the latter a couple of rings should be fixed 
by means of tapes or pieces of thin wire running through small 
holes. These rings are needed for hanging up the passe-partout 
later, and should be placed at a convenient level near the 
top end.) 

The projecting edges of the binding strips arc now well 
pasted and turned over on to the back- board, biking care 
that the edges of the glass and back make a neat and straight 
line all round. The whole can then be put under slight pressure 
until quite dry, wdicn the entire picture can be hung up by 
the rings at back. 

Paste. See Mo u. vta. NT. 

Paste, Encaustic. Sue Encal-stic PASTE ; also Dope and 

BltOMIDL PAIMCR. 

Patents. The photographic inventor who wishes to act for 
himself should apply, personally or by letter, at the Patent 
Office (25, Southampton Buildings, Chancery Lane, London) 
for a copy of " Instructions to Applicants for Patents." 

Owing'to the present complication of the Patent Law, it is 
wiser to engage a Patent Agent, whose charges may be as low as 
£5 or i 1 '. but searches, official recmisitions for complex draw- 
ings, and possible hearings before the Examiners or Comp- 
troller, may involve very much heavier expenses. 

The total cost in fees for a patent available for four years 
>s £5. after which yearly fees ranging from £5 to are 
payable, otherwise the patent lapses. If the would-be 
patentee wishes to incur the minimum expense at the outset, 
he can, by the expenditure of £1 , obtain provisional protection ; 
this protection is good for six months. 

Pearlash. A synonym for impure potassium carbonate 

Pearl Lamp. Electric bulb the glass of which is internally 
frosted to provide a certain amount of diffusion with minimum 
loss of light. For use in an enlargcr the diffusion is generally 
insufficient, and an opal lamp (q.v.) is used in place of it. 
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Pellicle. Literally a thin skin or film, and in this sense 
applied to the emulsion when the solvents are evaporated. 
(For the making of pellicular negatives, see Stripping 
Negatives.) 

Pencil of Light. A term applied to a narrow beam of 
light proceeding from a source. When the source is near, the 
pencil is divergent ; when very distant, the pencil may be 
considered parallel. A pencil which grows less in diameter as 
it proceeds is said to be convergent. 

Pendulum. For timing the exposures given to prints or 
enlargements, or fur keeping track of the time when developing 
tilms in complete darkness, a simple pendulum is often used. 
This may consist of a light thread or win; with a weight at one 
end, or of a thin rod, again with a weight at the bottom end, 
rocking on a knife-edge bearing. If all the weight is considered 
concentrated in the bob, the string being by comparison 
weightless, then the periodic time of oscillation is equal to 

J.TT ' .where is the acceleration due to gravity and / is 

the length of the pendulum, measured from the point of support 
to the centre of gravity of the bob. If / is measured in inches, 
the time of one oscillation is o^JOy' 1 seconds ; if in centi- 
metres, it is o-aoiV / seconds. If/-- loo cms., so that V I 
-jo, the time of one complete oscillation is thus 201 seconds. 

Note that most people would say this pendulum was 
" beating seconds." The periodic time of 1 seconds given by 
the formula is counted from extreme left back to extreme left ; 
each individual swing, from left to right or from right to left, 
therefore occupies out- second. 

A pendulum only keeps absolutely perfect time when its 
swings are cither constant in amplitude (as in a clock) or, 
if allowed to varv in amplitude, are kept at all times very 
small. I lowevcr, if the total swing of the bob (from extreme 
left to extreme right) is not allowed to exceed three -quarters 
of the length of the pendulum, the widest swing will not take 
more than one per cent, longer than the smallest, (See Toft 
and McKay, Practical Mathematics, pp. 500 et sctj.) 

Sec also Timekk and Daiikhoom Clock.) 

Pcppertype. A variety of the powder process (q.v.), by 
which a sensitive coating may be applied to almost any surface 
and an image developed by means of powder in nearly any 
colour or material : — 
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Periodicals 

A. White pepper ......( parts. 

Benzene . . . . . .10,, 

B. 5 per cent, solution of gum dammar in benzene. 

C. Solution of indiarubber in benzene (fairly thick 

bicycle cement will do). 

For use, take of A, 10 parts ; B. 1 part ; C, 1 part ; filter, and 
coat any hard -gift zed surf nee, as glass, opal, or hard-sized 
white paper. Expose under a transparency in direct sunlight 
and then dust over with any litho dry colour or powdered 
metals, as gold, silver, bronze, etc. A final brushing with a 
soft brush completes the process. 

Percentage Solutions. See Weights asd Measures. 

Periodicals. Weekly and monthly photographic journals 
are published in nearly every country of the world. The list 
below includes the chief journals printed in the English 
language. 

British 

Amateur Cine World : 



Amateur Photographer : 

Australasian Photo-Review : 

British Journal of Photography : 

Miniature Camera Magazine : 
Miniature Camera World : 

Photographic Abstracts : 

Photographic journal : 

Amtitcan 
American Photography : 

Camera (The) : 

Minicam Photography ; 

.Monthly Abstract Bulletin : 

National Photo Dealer : 
Popular Photography : 
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Link House. 24. Store Street, 

London. W.C.i. 
Dorset House. Stamford 

Street, London, S.E.i. 
370, George Street, Sydney, 

Australia. 
24, Wellington St., Strand 

London, W.C.2. 
O, Cavendish Sq., London, W, 1 
Link House, 24, Store Street. 

London, W.C.i 
10. Princes Gate, Kensing- 
ton, London, S.W.7. 
ifj, Prince's Gate, Kensington, 
London, S.W.7 

353. Newbury St., Boston' 

15, Mass., U.S.A. 

30G, N. Charles St., Baltimore 

(1), U.S.A 
12, Last Twelfth Street, 

Cincinnati, Ohio, U.S.A. 
Eastman Kodak Co.. 
Rochester, New York, 
U.S.A. 

43, Park Avenue. New York, 

16, U.S.A. 

185, N. Wabash Avenue, 
Chicago, I , 111., U.S.A 



Pellicle Peppertype 

Pellicle. Literally .1 thin skin or film, and in this sense 
applied to the emulsion when the solvents arc evaporated, 
(l'or the mailing ol pellicular negatives, see STRIPPING 

NEGATIVES.) 

Pencil of Light. A term applied to a narrow beam of 
light proceeding from a source. When the source is near, the 
pencil is divergent ; when very distant, the pencil may be 
considered parallel. A pencil which grows less in diameter as 
it proceeds is said to be convergent. 

Pendulum. For timing the exposures given to prints or 
enlargements, or for keeping track of the time when developing 
films in complete darkness, a simple pendulum is often used. 
This may con si si of a light thread or wire with a weight at one 
end, or of a thin roil, again with a weight at the bottom end. 
rocking on a knife-edge bearing. If all 11 le weight is considered 
concentrated in the bob, the string 1 icing by comparison 
weightless, then the periodic time nf oscillation is equal to 

,\f [ .where e is the acceleration due to gravity and / is 

the length of the pendulum, measured from the point of support 
to the centre of gravity of the hob. Tf / is measured in inches, 
the time of one oscillation is o jao\/ / seconds ; if in centi- 
metres, it is 0-201 V / seconds, f f / =-. 100 cms., so that \/ I 
-- 10, the time of one complete oscillation is thus 2 01 seconds. 

Note that most people would say this pendulum was 
" beating seconds." The periodic time of 1 seconds given by 
the formula is counted from extreme left back to extreme left ; 
each individual swing, from left to right or from right to left, 
therefore occupies out- second. 

A pendulum only keeps absolutely perfect time when its 
swings are either constant in amplitude (as in a clock) or, 
if allowed to vary in amplitude, are kept at all times very 
small. However, if the total swing of the bob (from extreme 
left to extreme right) is not allowed to exceed three-quarters 
of the length of the pendulum, the widest swing will not take 
more than one per cent, longer than the smallest, [See Toft 
and McKay, Practical Mrtthi intiiics, pp. 500 et seq.) 

See also Timkks and Daukuoom Clock.) 

Pcppertype. A variety o£ the powder process (17.1 1 ,), by 
which a sensitive coating may be applied to almost any surface 
and an image developed by means of powder in nearly any 
colour or material : — ■ 
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Periodicals 



A. White pepper 4 parts. 

Benzene . . . . . 10 

B. 5 per cent, solution of gum dammar in benzene. 

C. Solution of indiarubber in benzene (fairly thick 

bicycle cement will do}. 

For use, take of A, 10 parts ; B, 1 part ; C, 1 part ; filter, and 
coat any hard-glared surface, as glass, opal, or hard-sized 
white paper. Expose under a transparency in direct sunlight 
and then dust over with any litho drv colour or powdered 
metals, as gold, silver, bronze, etc. A final brushing with a 
soft brush completes the process. 

Percentage Solutions. See Wrights and Measures. 

Periodicals. Weekly and monthly photographic journals 
are published in nearly every country of the world. The list 
below includes the chief journals printed in the English 
language. 



British 
Aniiih'ur Cine World : 



Link House, 24, Storu Street, 
London, W.Cl. 



Amateur Photographer : 



Dorset House, Stamford 
Street, London, S.E.I. 



Australasian Photo-Kcvicvv : 



379, George Street, Sydney, 
Australia. 



British Journal of Photography : 



24, Wellington St., Strand 
London. W.C.2. 



Miniature Camera Magazine : 
Miniature Camera World : 

Photographic Abstracts : 

Photographic Journal : 



loii, Dunoon, c». vv .7, 
16, Prince's Gate, Kensington, 
London, S.W.7 



n. Cavendish Sq., London ,W.i 



Link House. j.j, Store Street, 
London, W.C.i. 



16, Princes Gate. Kensing- 
ton, London, S.W.7, 



Ar.uiscan 



American Photography : 
Camera (The) : 
Minicara Photography : 



353. Newbury St., Boston' 

15, Mass., U.S.A. 
306, K. Charles St., Baltimore 




Monthly Abstract Bulletin : 



Eastman Kodak Co., 
Rochester, New York, 
U.S.A. 



National Photo Dealer : 



43, Park Avenue. New York, 
16, U.S.A. 
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Permits to Photograph 

P.S.A. Journal : m , Brnaduav, Albany 7 , Hn 

York. U.S.A. 

Professional Photographer (The) : 5:0, Caxton Building, 

Cleveland 15, Ohio. U.S.A. 

U.S. Camera : 4 za, Lexington Ave, New 

York. U.S.A. 

Permits to Photograph. Permits rtre not necessary, except 
for cameras used 011 ,i stand, in any of the parks unci 
open sprites under the control of the L.C.C. or in the Royal 
parks. For tlie use of a stand camera in parks and commons 
administered by the L.C.C. , a permit must be obtained from 
the Chief Olncer. Parks Department, London Count v Council 
County Hall, Westminster, or from KM, Office of Works, 
Storey's Gate, Westminster, in the ease of the Royal parks. 

The Koval parks are: Hvde Park, Kensington Gardens 
Cweil Park. St. James 1 Park.' Regent's Park, Greenwich Park! 
Richmond Park, Hushey Park, and Hampton Court Park and 
Gardens. Other open spaces in Greater London almost all 
fall under tile control of the L-.CC. 

In places where payment has to be made for admission, or 
where an official is in charge, enquiry concerning permits 
slum id be made on the snot. There are practiced lv no open air 
places ..pen in I he public at which any objection is raised to 
the use of a hand camera, though in a iew places— e.g., Kcw 
Gardens— a trilling fee is charged. Hand cameras and sub- 
standard cine cameras may be used without fee both indoors 
and out-of-doors at tlie Zoological Society's Gardens in Regent's 
Park, and at Wbipsnade. 

For photographing the interiors of cathedrals, historic 
buildings, museums, university colleges, and the like, permis- 
sion is almost always needed and a fee id often charged. 
Application is best made in advance, bv letter addressed to 
the appropriate official. A letter addressed to the Dean in 
the case of a cathedral, to the Curator or Director in the case 
of a museum or historic building, or to the Principal in the 
case of a university college, can be relied upon to reach the 
right person or department. In the case of ancient castles 
or monuments under the control of II. M. Office of Works, it 
is safest to apply to the address in the first paragraph above, 
or in Scotland to 122, George Street. Edinburgh, though 
permission to photograph can usually be obtained from the 
caretaker on the premises. 

For permission to use a camera 011 railway premises, apply 
to the Traffic Manager at the London terminus of the railway 
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Perspective 

concerned, or in the case of the London Region tfi the London 
Transport Executive, at their head office a l 55, Bro;ulw;iy. 
Westminster, S.W.i. 

Permission to use a camera at sports meetings, font hall 
matches, etc., should he ;i_sked from the secretary of the club 
concerned, enclosing stamped addressed envelope, while for 
the use of a camera at Royal processions and similar public 
functions application should be made to the police. 

When abroad, guidance should always he asked of the 
nearest police station if there is the slightest doubt as to the 
propriety of using a camera. There may he laws, regulations, 
or conventions of good manners that may unknowingly be 
infringed if cameras are used with too careless a freedom. 

Perspective. The representation upon a plane surface o£ 
the form of solid objects. Although the limitation is not 
theoretically necessary, the long tradition of painters and 
artists has established that the plane surface upon which the 
form of the solid objects is projected should he vertical. In 
consequence, a perspective-drawing made upon a non-vertical 
surface looks unfamiliar, and is usually said to be " out of 
drawing " or " distorted." 

The fundamental laws of perspective can hest he appreciated 
by considering a simple means of making a drawing in perfect 
perspective. In making such a drawing of a given object or 
scene, two things must be fixed ; the exact position from which 
the scene is to be viewed, and the scale of the drawing. A piece 
of card with a hole in it big enough to allow one eye to sec in 
comfort may be fixed on a suitable stand ; this will determine 
the point of view. To fix the scale, a piece of glass of the size 
of the desired picture is mounted in a frame, and the whole 
is fixed, in a vertical plane, at such a distance from the eye- 
piece that the amount of view it is desired to include just fills 
the frame. The nearer this is brought to the eyepiece, the wider 
will be the angle of view. 

With viewpoint and plane of perspective thus fixed, it only 
remains to look through the eyepiece and outline on the glass 
all the objects comprised in the scene, placing these outlines 
so that they exactly fit on the contours of the objects as seen 
through the glass. It is clear that a drawing so made will be a 
completely accurate and truthful record o£ the view as seen 
from the fixed position of the eve. 

It should also be clear that if the eyepiece is now discarded 
and the picture is looked at from any point of view other than 
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that which the eyepiece defined, the drawing will cease to fit 
on the contours of the view. If the eye is brought closer to 
the drawing, each object will appear to cover a wider angle 
on the drawing than it does in the view, while if, on the contrary, 
the eye is taken further from the drawing, the objects in it will 
cover a narrower angle than in the view itself. The drawing is 
thus only correct when viewed from the precise distance that it 
was from the eye when made. 

Exactly the same considerations apply in the photographic 
rendering of perspective. If two photographs were taken 
through the eyepiece, one before the drawing was made and 
one afterwards, so that the first was a photograph of the view 
itself and the second a reproduction of the drawing, the two will, 
of course, be found precisely identical as regards their outlines. 
Now it is easily proved, geometrically, that a photograph of a 
plane object, such as a drawing, is a completely faithful repro- 
duction of the original. Since the drawing is itself in perfect 
perspective it therefore follows that the perspective of the 
direct photograph of the view is also perfect. 

It can be shown, again by simple geometrical reasoning, that 
if the linear scale of the photograph is some fraction of that 
of the original drawing on glass, the correct distance from which 
to view the photograph is the same fraction of the distance 
between the glass and the fixed eyepiece. The photograph 
should, in fact, be viewed from a distance equal to the distance 
between lens and film at the time the photograph was taken, 
which distance, in all normal cases, is practically equal to the 
focal length of the lens. If the photograph is viewed from any 
distance other than the correct one, then, as in the case of the 
drawing, the perspective ceases to be accurate. 

It is interesting to note here that the distortion of perspective 
said to be given by photographic lenses, and especially by 
lenses of wide angle, is completely non-existent. The impression 
of distortion, which is often considerable, is due to viewing 
the print from (in most cases) too great a distance. A quarter- 
plate print is normally viewed at some 10 inches from the eye ; 
unless taken with a TO-inch lens, the perspective must appear 
incorrect. This apparent incorrectness will obviously be 
greater if the correct viewing distance is 3$ inches (photograph 
taken with a 3^-inch lens) than if it were 6 inches. 

When a photographic print is made by enlargement, the 
correct vie wing-distance is increased in the same ratio. If 
a quarter-plate negative made with a 5-inch lens is enlarged to 
whole-plate (3 diameters) the correct viewing distance becomes 
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Pctzval Lens Photoflood 

10 inches, which is a distance at which the print is very 
likely to be held. Hence the " improved perspective " and 
more natural appearance of an enlargement as compared with 
a contact print. The alleged " stereoscopic " effect produced 
by print- viewers that include a lens is at least partly due to 
the shortened viewing -distance that the lens permits. (( hi 
this point see Vikweu.) 
(See also Distortion.) 

Pctzval Lens. See Lens. 

pH. Term used in speedy rag the acidity or alkalinity of a 
solution. Acidity is due to the presence of hydrogen ions, 
alkalinity to that of hydroxyl (OH) ions. In pure water, both 
are present to the extent of 10— 7 gm-ions per litre ; since their 
concentration is equal, pure water is neutral. In all other 
aqueous solutions, the product of the concentrations of hydro- 
gen and hydroxyl ions remains at io~" ; the solution is acid or 
alkaline according to which ion preponderates. A solution 
containing 10— 10 gm-ions per litre of hydrogen (and hence 
ro— 1 gm-ions per litre of hydroxy!) is alkaline, and is said to 
have a pH of lo. Note that ^H =7 indicates precise neutrality ; 
higher figures indicate an alkaline solution and lower figures an 
acid one. Note also that the extreme range over which pH 
can vary is from — i- 75 to 15- 75- 

An ordinary (non-fine grain) developer generally hasa/>Hof 
about 9.5 to 10.5, while the less alkaline fme-grain developers 
range roughly from 7.5 (unusually low) to about 9. The pH of 
D76 is 8.6. A standard acid fixer will have a pli of about 4.2. 

Phosphate Printing Paper, A paper containing silver 
phosphate which was introduced about rgoS, and is now 
obsolete. It was a development paper for warm tones, and 
was much slower than gaslight paper. Exposures were of the 
order of 4 minutes at 12 ins, from a iO c.p. bulb, colours 
ranging from purple through sepia to brown as exposure was 
increased. Physical development with an acid solution of 
mctol or pyro was employed. 

Photo- Engraving. See Photo-Mechanical Processes. 

Phc-tofloou" . Over-run lamp of short life giving a light 
photographically equivalent to that of an 800- watt lamp 
while consuming only 275 watts. It is a " pearl " lamp of 
size about that of a standard Go- watt lamp, and has a B.C. cap 
incorporating a fuse. Life about 2 hours. Widely used, 
generally in one of the special reflectors designed for it, for 
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amateur work by artificial light. Owing to its short life it is 
an extravagant form of light ; where much work is to be done 
the mtraphot lamp (</.;•.) is much more economical. See 
Over-el's Lamps. 

Pliotogrammotry. The art of making surveys or geodctical 
measurements by the aid of photography. 

Photography {>;-<*n>v, genitive of ■■;••••>•: or •;■<:<•_•, light, and 
',P'i;.f>, I draw) is the art of obtaining the representation of 
objects by the agency of light upon sensitive substances. The 
following is a short history of the progress of the art : — 
In 1777 Scheelc, the great chemist, discovered the important 
fact that silver chloride blackened in sunlight, the chief 
action lying in the violet end of the spectrum. In 1802 
Thomas Wedgwood, son of the famous potter, published in the 
" Journal of the Royal Institution " an account of a method 
of copying paintings on glass, and of making profiles by the 
agency of light upon silver nitrate. In the experiments 
which are thus described he was assisted by Sir Humphry 
Davy. They managed to obtain images upon paper and 
white leather by means of the solar microscope, but were 
unable to fix tliem ; therefore the image was soon obliterated 
by the darkening of the whole surface. In Nicephore de 
Niepce commenced a series of experiments, but although he 
managed to obtain images upon a bituminous nlm, the process 
was impracticable for ordinary purposes, from the inordinate 
exposure (several hours) which was required. He then, in 
partnership with Daguerre, carried on his experiments ; but 
it was not until 1839, six years after Niepce's death, that 
Daguerre communicated to the Academic des Sciences at 
Paris the process so well known as Daguerreotype. Early in 
1839 Fox Talbot, previous to Daguerre's communications, 
announced to the Royal Society a method of " photogenic 
drawing," in which pictures were produced upon paper 
prepared with silver chloride. Fox Talbot effected the 
fixation of these pictures by saturated solutions of sodium 
chloride and potassium bromide. The use of sodium thio- 
sulphate (" hypo "), however, soon became general. Sir 
Humphry Davy having, in 1821, published the action of this 
salt upon the salts of silver. In iS.ji Fox Talbot patented his 
process called Talbotype or Calotype (r/.r.). To the Rev, j. B. 
lieade is due the credit of first recommending a developer, 
although Fox Talbot was the first to use a restrained Up to 
this point paper negatives alone were in use; but in a 

491 



Photography 

cousin of the original Niepce, M. Niepce de St. Victor, proposed 
the use of albumen on glass as a vehicle for the sensitive salts of 
silver. These plates, however, were very insensitive, and 
numerous substances, such as starch, gelatine, gum, etc., were 
proposed ; none, however, were successful. In 1S5 1 Le Gray, of 
Paris, and Scott Archer, of London, proposed the use of collo- 
dion, the latter publishing such a complete description of the 
wet collodion process that but little improvement has ever 
been effected. A great disadvantage, however, of this process 
was the necessity of exposing the film whilst wet, necessitating 
the use of built y and heavy impedimenta, for the landscape 
photographer, in the shape of dark tert ( etc. It was then 
discovered that the application of certain organic substances 
to the washed film would allow of the plates being used in 
the dry state. In 18G2 Major Russell discovered the use of 
alkaline pyrogallol as a developer, and his accidental discovery 
of the restraining power of the soluble bromides gave the first 
impetus to the manufacture of silver bromide films, which 
could be exposed dry. In 1S64 Messrs. Sayce and Bolton 
descrihed the process of making collodion emulsion, which 
was poured upon glass plates, and then washed to free from 
inert salts. In 1874 it was discovered that the emulsion 
might be washed before coating, and in 1871 Dr. R, L. Maddox 
published a notice of a gelatine emulsion, and from that, in 
1S78, Mr. Charles Bcnnet realised the capabilities of the 
process and power of increasing the sensitiveness by digestion 
at high temperatures. 

These last discoveries laid the final groundwork at modern 
photography, and though advances since then have been both 
great and numerous, they have on the whole taken the lorm 
of improvement rather than innovation. Continual improve- 
ment in emulsion-making has been the fundamental advance 
that has largely controlled all others; the steadilv increasing 
speed of negative emulsions made the hand-camera first 
possible, then popular, and finally paramount. Simultane- 
ously the improvement in emulsion quality, combined with 
the parallel development of bromide and allied papers for 
enlarging, has brought about a continual reduction in the 
average negative-size. The introduction of the roll film, too, 
first by George Eastman (l£58_|) in the form of paper stripping 
film, and later (S. N. Turner, i8cji) as a daylight-loading roll 
of celluloid film, brought photography within reach of millions 
who have never seen the inside of a darkroom, and never 
wish to. The effect of all this on camera design can lie seen 
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Photogravure Photo -Mechanical Printing Processes 

from tliL- entries CAMERA and Miniature Cajieka, while a. 
brief outline of the history of cinematography and of colour 
photography will be found under those headings. 

Photogravure. See Photo-Mechanical Processes. 

Photo- Lithography. See Photo -Mechanical Processes, 

Photomaton. Name given to an automatic machine for 
taking a number of photographs in succession and delivering 
a strip or sheet of finished prints in i or 3 minutes. The prints 
are produced by a reversal method on a celluloid and paper 
base, 

Photo-Mechanical Printing Processes. Methods by which 
are produced printing surfaces, from which impressions 
can be taken without light being concerned in the production 
of each copy. 

Relief Processes. 

These processes are at present of most commercial import- 
ance, because illustrations in relief, i.e. line etchings, and 
half-tone screen or grain blocks, can be printed at the same 
time as type and on speedy printing presses, at a cost per 
impression which is relatively infinitesimal when large numbers 
are required. 

Line Blocks, 

A block is called a line block when the original reproduced 
consists of only two tones, black and white. In the case of 
these blocks it is the practice, in all workshops which turn 
out large quantities of work, to divide the work into the 
following departments : 

(1) Negative A faking. — The wet-collodion process is usually 
employed, as it yields a negative representing the black's as 
clear, transparent spaces, and the whites as an extremely 
opaque deposit of metallic silver; moreover, the wet collodion 
film is very thin and gives a sharp clear-cut image. Dry 
plate manufacturers have of late vcars met with considerable 
success in their efforts to obtain wet collodion quality, and for 
certain purposes dry plates can be used where wet collodion 
is unsuitable. It should be remembered that negatives for 
line blocks, and also for half-tone, should be reversed either 
by copying through a prism fitted on the front of the lens or 
by stripping the film and turning it over. If this were not 
done the impression from the finished block would be wrong 
way round. 
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{ >) Making the Print tin Mftttt. — Polished [0-gaugc zinc sheet, 
free from scratches and dead Hat, is commonly used though 
copper ami brass are sometimes employed for special purposes. 

"II le zinc is cut to the size required, and freed from grexse 
by tubbing it with charcoal or fine pumice powder under 
running wafer. It is then coated with a solution of albumen 
and ammonium bichnmiate, and In nlil.iin an even (dialing is 
whirled over gentle heat until dry. The sensitised phite, in 
contact with the negative, is placed in a specially stout printing 
frame the front glass of which is ;m inch I luck and capable of 
heavv and even pressure. Exposure is to da v light, or more 
generally to a powerful enclosed arc lamp. 

Wherever light acts, it has the effect of rendering insoluble 
the sensitive bichromated colloid coating on the metal ; 
where no light reaches it. the bichromated colloid remains 
soluble. After sufficient exposure the metal is taken out of 
the frame and covered by means of a roller with a thin film 
of a special ink. The plate is then placed in a dish of clean 
cold water and gently rubbed with a pad of cotton wool. The 
soluble coating easily comes away, leaving the insoluble parts 
covered with ink. The plate is then dried and warmed, and 
the ink thus made tacky by warming is covered with either 
a resin or bitumen powder. The plate is then again heated 
to cause this to incorporate with the ink. If there are any 
defec ts, these are made good, and the back and sides coated with 
acid-resisting varnish. Th e plate i s'th e n re ady f or t he ne xt step. 

(3) The Etching. — -This consists in eating away the bare 
zinc representing the white spaces in the original to a sufficient 
depth by means of nitnc acid, leaving the black lines standing 
in relief, it usually requires several etchings to obtain suffi- 
cient depth, the tops and sides of the lines being protected 
by means of ink and resin, or dragon's-blood powder, fused 
by heat before each successive acid bath. Then the accumu- 
lation of ink and resin which has formed the " resist " against 
the acid is cleaned off. if copper or brass is used, then the 
etching mordant is not nitric acid, but ferric chloride solution. 

Other methods of sensitising the zinc plate which are fre- 
quently used are the enamel process, using bichromated fish-glue 
solution, and the cold enamel process, in which a bichromated 
shellac solution is used. 

(4) Mounting;. — Having trimmed the plate, routed away all 
waste metal and repaired any defects, the plate is pinned down 
on to a piece of hard wood (usually mahogany), of such a 
thickness thai the plate, thus mounted is exactly type-high. 
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(jj) The Proofing. — The surf;Lcc of the block is now covered 
with an even film of fairly stiff ink. This is applied by mentis 
of a hand roller. A small quantity of the ink is placed on a 
slab, either glass or an old litho stone, on which it is rulled 
out evenly. The roller, to which a certain amount of ink 
adheres, is applied to the surface of the plate, on which it 
leaves a coating of ink. A paper impression can now be taken 
by means of a handpress or phi ten. The block is now complete 
and is ready fer the printer. 

Hai/tom Blocks. 

1 n the making of halftone block. 1 ? the operations are essentially 
the .same as for line. The halftone, however, has a touch 
wider range of usefulness, for it can be used to reproduce any 
type of original, whereas for a line block only copy composed 
of linn black lines on a clean white ground is suitable. The 
halftone negative, however, differs in one important respect 
from a line negative. What is known as a cross line screen is 
placed in the camera in front of, but not touching, the sensitive 
plate, This screen consists of two npticallv plane sheets of 
glass each ruled with parallel black lines varying from 50 to 
200 to the inch. The lines are of uniform thickness and equal 
in width to the clear spaces between. The two gloss sheets 
are remedied together with Canada balsam, the lines crossing 
the sides of the plate at an angle of .|5°. 

When the correct distance between plate and screen is 
found, a negative is obtained which splits up the continuous 
tone of the image into dots differing in size according to the 
varying brightness of the tones of the original. Except where 
an exact facsimile is required, most originals, if photographic 
prints, are better for a little retouching, especially if required 
for catalogue illustrations. Parts of the photograph requiring 
emphasis can be greatly improved by an experienced artist 
retoucher. 

Printing on metal is almost entirelv by the bichrouiated 
fish-glue process; copper ami zinc are both used, but in England 
copper is preferred for better class work. 

Hichromated fish-glue becomes insoluble in water when 
exposed to light. A halftone negative consists entirely of 
black dots and open spaces of varying size. The black dots of 
the negative prevent the light reaching the sensitive solution, 
whereas the open spaces let it through. The exposure finished, 
the plate is developed under running water; the solution 
protected from the light is washed away leaving hare metal, 
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but where the light lias penetrated the fish-glue is ready lor 
etching. The etching tin id, ferric chloride for copper or nitric 
acid for zinc, eats wav the unprotected metal but cannot 
penetrate the hardened fish glue. A printing surface of raised 
dots and ctched-ont spaces of varving sizes is now ready for 
trimming and mounting on wood. 

Proofing is carried out as for line work, but a coated paper 
should Iki used for best results. 

Three-colour Hlocks. 

The three-colour process is an application of the fact that 
three coloured lights suitable chosen can, either alone or mixed 
in varying proportions, approximately imitate any colour. 

Place a coloured copy, such as a water colour painting, on 
the copyboard and illuminate with white light. Then with 
a blue- violet filter in front of or behind the lens, and using a 
panchromatic plate, make your exposure. Repeat the process 
using a green filter, and then again with a red filter. These 
fillers are so adjusted that the first negative only records the 
blue light, the second the green, and the third tile red reflected 
from the original. From these colour-separation negatives 
positives are made, and from the positives halftone negatives 
and blocks lis for black-and-white work. 

Care must be taken, however, to alter the screen angle for 
each negative to avoid objectionable patterns in the finished 

TCSlllt. 

Screens can be bought nded at suitable angles for this purpose. 

The blocks are printed with inks respectively absorbing 
the lights photographically recorded and reflecting light of all 
the other colours of the spectrum which are not photographed. 
The block made from the blue-violet filter negative is printed 
in vellow, which absorbs blue and reflects red and green. 
The block made from the green filter negative is printed in 
magenta-red, absorbing green and rellecting blue and red, 
anil the block from the red filter negative is printed in blue, 
absorbing red and rellecting; blue and green. 

Yellow is usually printed first, then the red in exact register 
on the yellow, and finally the blue also superimposed in exact 
register. 

The resulting impression should approximate to the original, 
but usually a certain amount of tine etching is necessary-. 

The method just outlined is known as the indirect process, 
and is now used chiefly for reproducing colour transparencies 
such as Dufay or Kodachrome, or for object work. 
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Another method nearly always used for reproducing tlat 
copy is the direct process. The colour records and halftone 
negatives are made at one operation by using the filter and cross- 
line screen in conjunction with a process panchromatic plate. 

A fourth l black) printing is now often used, and if not over- 
done can lie n distinct help by giving depth and richness to 
the shadows. 

Surface Processes. 

Lithography, — Photography is frequently employed by the 
lithographer to reduce accurately his original to the required 
scale. On the print made from the negative he makes a tracing 
that forms the key, which is transferred to the several stones 
used in order that they may correctly register with each other. 
A description of lithography is perhaps appropriate in order 
to enable a clearer understanding of photo-lithography (sec 
under) to be arrived at. 

Lithography depends upon the fact that grease and water 
will not readily mix. 

A drawing is made with fatty ink or crayon upon a suitably 
prepared special kind of limestone. The stone is then coated 
with a solution of gum arabic and nitric acid, which forms a 
chemical compound with the parts not drawn upon, keeping 
them absorbent of water and repellent of grease, while greasy 
printing ink will adhere firmly to all other parts. The surface 
gum is washed off with water, the artist's ink washed oil with 
turpentine and then, on passing a roller charged with printing 
ink over the stone, the ink takes upon the design only. To print 
the lithograph, the stone is damped and rolled up, paper laid 
on, and pressure applied. 

The lithographic draughtsman draws upon the stone from 
the original design or picture which is to be reproduced. Auto- 
lithographs are drawn on stone without the intervention of 
another designer's copy. Drawings arc frequently made on 
transfer paper and then transferred to stone. A separate 
stone is drawn for every colour used, and in the reproduction 
by chromo-lithography of paintings, the skill of the litho- 
graphic draughtsman consists in his selection of such printing 
colours as will faithfully reproduce the original in the fewest 
printings, which may, however, run to as many as thirty. 

The practice of the craft may be divided into three parts : 

1. The preparing of the stones. 

2. The drawing of the design in fatty ink on to the stone. 

3. The printing from the stone. 
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Photo-Lilhogriiphy. 

Photo-lithography is a process for the reproduction of 
originals by photographic means, applied to printing by 
lithographic methods. 

K negative is made of the original and printed direct on 
the stone, zinc, or aluminium, sensitised with a coating of 
bichromated albumen ; the- print is developed with water like 
a line- block print, and printed off as a lithograph. The negative 
may onlv consist of two tones, opaque black and transparent 
spaces, and it must be laterally reversed. 

As an alternative method to printing direct, the negative 
may be printed on to a gelatine paper sensitised with a bichro- 
mate, and after the usual process of inking and development 
the image may be transferred from the surface of the gelatine 
to a lithographic stone. 

Half-tone negatives, made by means of cross-line or grain 
screens, as well as transfers from collotype plates, are also 
used, and sometimes ordinary continuous-tone negatives are 
treated in various ways to secure a grained result suitable 
for lithographic printing, or the printing surface may be so 
prepared as to yield a grained result from negatives having 
no grain. 

Collotype. 

This is a surface process somewhat analogous to lithography 
inasmuch as it again depends upon the mutually repellent 
nature of grease and water. The difference consists in the 
material employed. A surface of bichromated gelatine is used 
instead of stone, and the design is put upon the surface by 
means of a photographic negative instead of being drawn by 
hand. 

A thick glass plate is ground on the surface, coated with a 
substratum of potassium silicate, then coated with a solution 
of gelatine containing a bichromate, and dried at a certain 
temperature in the dark. When dry the film is sensitive to 
light ; that is to say, wherever light acts upon it, it will become 
more or less insoluble and refuse to absorb water, while where 
the light is prevented from access the him remains absorbent 
of water. The bichromated film is exposed under a photo- 
graphic negative, and after sufficient exposure the plate is 
thoroughly washed to remove all the unaltered bichromate, 
and allowed to dry. To prepare for the press the plate is flowed 
over with a solution of glycerine and water, which the gelatine 
will refuse to absorb in exact proportion as it has been affected 
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by the light. After placing in a printing press, a roller charged 
with a greasy ink is passed over the surface. The film takes 
ink in proportion to the insolubility produced by light, and, it" 
paper is laid on and pressure applied a collotype print will be 
the result. An average edition is 500 copies from each plate. 

Intaglio Process. 

Photogravure is one of the oldest, and most beautiful (if not 
the most beautiful) of current reproductive processes. An 
ordinary negative is made of any copy, object, or landscape 
of which it is desired to make a photogravure. From this a 
reversed positive transparency on glass is made, either on a 
gelatine dry plate, or by the carbon process (q.v.). A piece 
of polished copper is now taken and cleaned to remove all 
traces of grease ; it is then grained, i.e. finely powdered 
bitumen or resin is shaken up in a large box, called a dusting 
box, and after an interval, determined by the fineness or 
coarseness of the grain required, the copper plate is placed 
inside the box, and the particles of powder allowed to fall on 
the surface. These are then fixed to the plate by heating it, 
and in the etching they form little points wliich resist the 
mordant. 

From the transparency a negative carbon print is made, 
and after exposure, but before development, the gelatine tissue 
is placed face downwards in contact with the grained copper 
while under water ; then development of the film takes place 
in hot water in the usual way. The high lights of the subject are 
' now represented by the greatest thickness of gelatine, the half- 
tones by lesser and the shadows by least thickness. When the 
plate is dry and the back and sides have been protected by 
painting with an acid-resisting varnish, it is etched by placing 
it in baths of ferric chloride solution of various strengths. The 
gelatine film acts as a resist to this mordant, and where the 
resist is thinnest (in the shadows) the copper is etched deepest, 
and where it is thickest (in the liigh lights) the copper is 
attacked least. Sometimes some handwork is necessary on the 
plates, and this retouching consists in accentuating the lights 
by means of burnishing, or scraping smooth the copper, adding 
detail or intensifying shadows by means of cutting into the 
copper with a burin or a small toothed wheel called a roulette. 
The pure copper used being too soft to stand the wear of 
printing an edition of any number, the plate has to be " steel- 
faced," i.e. given an electrolytic coating of iron. 

To print, ink is forced by means of a pad of canvas into the 
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hollows etched in the plate, and the surplus wiped away from 
the surface and margins, .Ail over the ground of the plate 
there are a number of little points of copper representing the 
places where the grain had fallen ; their function is to prevent 
> the ink being wiped away from the hollows, as it would be if 

it were not for these spiky pieces enmeshing it. Damped 
paper is then laid on the plate, backed with soft blanketing, 
and hand-printed by means of a special press under a heavy 
iron roller. Machine-printed photogravure is now in quite 
common use for magazine and newspaper illustrations. 
For this work a fine screen plate supplies the grain and the 
etching is made on a copper cylinder instead of a flat plate. 
This can be printed in the rotary machines used for modern 
newspaper work. 

Photometer, Photometry, hi general, an instrument for 
measuring the output nf a light-source, or the intensity of 
illumination at a point. The simplest form of photometer 
is an upright rod : the two lights to be compared being so 
adjusted that they throw shadows of equal intensity on a 
screen, the luminosity of the two will then be in inverse 
relation to the square of the distance. 

A more widely-used type of photometer is the Bunsen form, 
which consists of a piece of paper with a grease-spot upon it. 
Uv transmit led light the spit appears lighter than the surroun- 
ding paper; by reflected light it appears darker. When the 
light on 1m it 1 1 sides is of equal brightness, the spot is invisible. 

This latter principle is frequently used in photometers 
intended for estimating exposures in enlarging ; a piece of 
paper bearing a grease-spot, and with a light of adjustable 
brilliance beneath it, is laid on the baseboard of the enlarger 
and the adjustable light varied until the spot disappears. 
This enables the brilliance of the part of the jin.ijei. tcd image 
in which the spot is placed to be measured with quite good 
accuracy. Sometimes a " representative " part of the picture, 
of medium brightness, is chosen as a basis of exposure ; more 
particular workers estimate highlight anil shadows of the pro- 
jected image independently, so measuring contrast as well as 
exposure required. 

Though they are not sensitive enough for the work just 
described, the modern tendency is to make all light measure- 
ments with a photo-electric cell, and photometers based upon it 
are now available, {Sue Exposuiie Metkrs.) 

Photo- Micrography. The photography of minute objects 
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by the use of a microscope in conjunction with a camera. 
Good records of microscopic objects can be taken hy any 
amateur who possesses, besides a microscope, a plate camera 
with a focusing screen or a single-lens reflex. 

It is vitally important that the whole ol the apparatus 
should be " welded " together to avoid movement or vibration 
during exposure. This is best done by mounting camera and 
microscope together on a common baseboard, which should 
preferably be so designed as to allow the microscope to be 
used with its tube horizontal, and should provide means for 
sliding the camera to and from the eyepiece. 

The lens of the camera is removed, its place being taken by 
the microscope, which is fitted to the camera in any con- 
venient way. If the two are independently supported on the 
base, a flexible connection of black velvet between the two 
will exclude light while retaining freedom of movement. 

Small objects, such as hairs of animals, wings and legs of 
insects, or vegetable fibres may be mounted between strips of 
glass bound together. An ordinary electric lamp will serve 
as the illuminant, and may conveniently be mounted in a 
black box with a small slit which is placed close to the stage. 

Transparent objects are illuminated by transmitted light, 
but opaque objects are lit from the front, using a condenser to 
get brilliant illumination. The former method generally 
gives best results, and allows shorter exposures. 

For further details, see Amateur Photomicrography , by Alan 
Jackson (Focal Press, 7s. Od.). 

Stereoscopic Photo-M icrography . — There is an old and very 
satisfactory method by placing the slide or object in a tilting 
frame attached to the stage of the microscope. The frame 
with the object being tilted to otic side to the proper angle, a 
photograph is taken ; the frame is then tilted to an equal 
amount in the opposite direction, and another photograph is 
taken. Prints from the negatives are then mounted in the 
usual way, to form a stereoscopic slide. 

Photo -montage. The process of producing a composite 
print by mounting together cut-out parts of several prints. 
The term is applied to prints mounted side by side to form a 
" page of pictures," but is perhaps even more often used where 
parts of one print are pasted on to another for such purposes as 
introducing figures into a vit-w. The composite print is usually 
re-photographed to produce a final print in which the separate 
parts are no longer distinguishable as such. Montage is one 
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of the most-used methods of producing photographs of im- 
possible subjects— e.g., a man boldly defying a mouse twice his 
own size. 

Photo- mural. An over-size photograph it enlargement 
pasted directly on to a wall as a form of wall-decoration. Such 
enlargements are often made in sections, or if frieze-like in 
style may be developed in long lengths by drawing them 
through a trough of developer. Prints too big for dish 
development may be processed by spraying or sponging. 

Photon. The smallest amount of radiant energy (including 
light energy) that can be added to or taken from any system. 

It has long been recognised that eucrgv, like matter, is 
atomic in structure, and lhat just as one cannot have less than 
one atom of matter, one cannot have less than one quantum of 
energy. Like the atom, the quantum of energy is excessively 
small ; in all our normal experiences, either with matter or 
energy, many millions of atoms, sir quanta, are involved. 
When, however, research into the relationship between matter 
and energy is undertaken, as in considering the amount of 
light that must be absorbed by a single grain of an emulsion to 
render it developable, the fact tlrat only an exact whole numlwr 
of quanta of energy can lie involved begins to obtrude itself. 

In the case of light, the " atom " of energy is called the 
photon, and the amount of energy in each photon depends 
upon the frequency (or wavelength) of the radiation involved. 
A photon of blue light contains more energy than a photon of 
red light, and a photon of X-rays contains more energy still. 
The exact magnitude of the energy, in ergs, carried by a photon 
is found by multiplying the frequency of the radiation, in 
oscillations per second, by Planck's Universal C onstant h, of 
value x to" 27 erg -sees. 

Photo- Sculpture. Many inventors have occupied them- 
selves with the problem of making photographs in relief. 
One of the earliest of these was a Parisian sculptor, WiUieme, 
who suggested taking a number of photographs from a series 
Of different view-points, and then transferring the outlines so 
obtained to the modelling block. This was subsequently 
modified by Poetschke, who devised apparatus for turning 
the model, and for obtaining a silhouette lighting, which is 
obviously what such a method would require ; but nothing 
came of these suggestions. Another worker on these lines, 
Selke, made use of the kincmatograph. 
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The problem was tackled very ingeniously by Carlo Baese. 
He devised a method of illuminating the sitter by a graduated 
light, so that the nearest parts received the strongest illumina- 
tion, and the farthest the weakest. A second negative was 
made in which this method of lighting was reversed, the 
nearest points being the least illuminated. From one or other 
of these negatives a transparency was made, of such density 
that it exactly obliterated the negative, and this transparency 
was then placed in contact with the other negative. The effect 
of this was to give a negative in which all errors due to colour 
and light and shade of the subject were what may be called 
cancelled out ; and nothing is left but a record of the actual 
relief of the subject, which was then printed on a bichromated 
film. 

A detailed description of Baese 's method was published in 
Thu Photographic Journal for November, igro, ami a relief from 
life made by it formed one of the illustrations. Since then, how- 
ever, nothing more seems to have been done with the process. 

A more recent process is that due to H. M. Edmunds, whose 
method was described in outline in The Amateur Photographer 



background is produced photographically, by reduction, and is 
put into a powerful projector in place of a slide. The image 
of this is projected upon the object to be reproduced, which is 
thus illuminated by a series of fine lines of light spirally dis- 
posed. The object is then photographed by this light, using 
a camera very close to the projector. 

If the object is a flat surface, the photograph shows the 
spiral undistorted, but if the surface is irregular, as is, for 
example, the head of a sitter, the distortions produced in the 
projected spiral give a record of the relief of the object, and so 
provide means by which the carving can be effected. 

From the negative, an enlargement is made on opal glass 
(paper is inadmissible, as its dimensions change slightly during 
processing} and this is fixed to the table of a machine in 
which the movements of a low-power microscope control the 
movements of an electrically-operated graving tool. By 
following the lines on the photograph with the microscope, the 
drill is correspondingly moved over the block of material from 
which the relief is to be cut. The actual carving is largely 
mechanical, and yields very pleasing results in bas-relief. 
Experience shows that in portraiture a relief of about one- 
third to one-half of that of the actual subject is generally the 
most satisfactory, (See also Bas-Rklief,) 
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Photo -Telegraphy. A term which, while strictly meaning 
tin- transmission of messages by the did of light, is often 
applied to the transmission of still pictures by wire or wireless. 

Regular services arc in daily use for the telegraphy of news 
photographs to newspapers, and postal services also exist tor 
the transmission of commercial pictures. Photographs were 
first transmitted by Professor A. Korn from Paris to London 
in 1007, and later from .Manchester and Paris to London in 
the Thorne-Baker " Telectrograph," until about louo. when 
the high cost of these transmissions made then) uncommercial. 
The art of photo-telegraphy then lay dormant until the advent 
of the amplifying valve and the modern phi. to-electric cell. 

The modern process consists essentially of a rotating glass 
cylinder or a drum round which the photographic lilm or 
p'rint is wrapped, and a scanning device which travels from one 
end of the drum to the other while the hitter rotates. A light 
source and lens system foenssus a point 1 if light upon the surface 
of the drum, or pauses through it in the case of a glass cylinder 
and him. The light is reflected back from the surface in the 
case of a print, falling then on the photo-cell. In this way 
the entire surface of the image is scanned, the variations in 
density causing corresponding changes in the electrical output 
or the cell. These are impressed on n carrier wave, and 
transmitted by wire or wireless to the distant receiving 
instrument. 

The telegraphed impulses are reconverted into a facsimile 
image in various ways. One of these employs a galvanometer 
consisting ol a line metallic Hat " string " stretched between 
the poles of an electromagnet. The poles are tunnelled so 
that a beam of light can pass through them, this being (hen 
concentrated on a sensitive film attached to a drum which is 
rotated svnehronously with that of the transmitting instrument. 
The string, which in the position of rest intercepts the narrow 
light beam, shifts to one side with the incoming impulses, so 
that as the picture tones are lighter or darker so more or less 
light respectively reaches the lilm. On development, there- 
fore, a reproduction of the original image is obtained. 

Another method of reception depends upon the polarisation 
of a beam of light passing through a glass cell containing 
carbon disulphidc. The received current is passed through 
coils or plates which rotate the plane of polarisation. Xicol 
prisms, lifted at each end of the cell, are so arranged as to 
extinguish all light when there is no current, but as the 
received currents affect the carbon disulphiile so more or less 
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light gets through the cell and acts upuil the svnehrouously 
rotating film (iruin. 

Yet another method of reception employs a microphone 
fitted with a stylus on (lie rlriim. wiiicli presses more or less 
strongly on a sheet of carbon paper and thus marks the paper 
lying between it and the drum. Another again uses a high 
frequency gas-filled lamp which glows more or less brightly 
according to tiic impressed currents and thus exposes the 
receiving Mm, 

The time taken for a io by 8 jneh picture to be transmitted 
over wires is 3 to 4 minutes. Owing to the perfection of 
synchronising methods and the ability to tune the amplifying 
circuits and to choose valve characteristics so that correct 
gradation is secured in tile received picture, the quality of 
the telegraphed photograph is of a very high order, and large 
numbers of news pictures are used by modern newspapers, 
while there are official Post Office services for commercial 
picture telegrams. 

A very important application of the wired photograph has 
recently been developed for the making of three-colour 
separation negatives, using scanning devices fitted with the 
appropriate filters and photo-cells select ivclv sensitised for 
the respective spectral regions. The transmitting and re- 
ceiving drum are mounted on the same shaft, so that difficulties 
of synchronisation do no! occur. Continuous tone photographs 
can also be broken up into half-tone negatives in the same way, 
a light chopper dividing the spiral lines of the image into dots 
of any pre -determined size. 

Physical Development. The development of the latent 
image by deposition upon it of silver contained in the develop- 
ing solution itself, instead of making use, as in the more usual 
chemical development, of the silver already present in the 
emulsion. 

The method of development used in the Daguerreotype and 
wet collodion processes was physical {sec these entries) and 
in the latter case bears a close resemblance to the Wellington 
silver intensjfier. {See Intensification.) 

Physical development has recently been reintroduced, 
notably by Odell, as a means of obtaining fine grain. For 
details of this, sec Fine-Grain Development, where all 
necessary formula; and working instructions arc given. 

Pictorial Composition. The following points on this im- 
portant subject for the photographer who wishes to make 
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picture by photography are culled fmm Ti:<- AnmUm Photo- 
grapher : — 

The painter can change the forms and colours of a landscape 
to suit his purpose. The ordinary amateur photographer 
must accept the subject as nature presents it to him. The 
only thing he can do is to choose his point of view, the time 
of day when the light is most suitable, and perhaps introduce 
some figures in a suitable place. The artist photographer, 
who sets out to make a picture by the use of various negatives, 
super-printing, and other methods, is very much in the same 
position as the artist painter, and must be equipped accord- 
ingly, not only with a knowledge of the laws of composition, 
but also the artistic ability to use them. 

There are several of these laws or principles which are 
known to all designers, and arc exemplified in nearly all 
objects of household decoration. Of these chiefly applicable 
to the landscape artist we might enumerate the following ;- — 

1. Principality and Subordination, the great object of 
composition being always to secure unity ; that is, to make 
one complete picture out of many objeets. The first mode 
in which this can be effected is by determining that one feature 
shall be more important than all -the rest, and that the others 
shall group with it in subordinate positions. This is the 
simplest law of ordinary ornamentation known to all designers, 
and, incidentally, no doubt, to all who have clone landscape 
photography. 

2. Repetition. — Another important means of expressing 
unity is to mark some kind of sympathy among the different 
objects. This is best done by repealing certain groups, not 
symmetrically in imitation of each other, but with variations 
in form and size, so that one becomes a sort of broken echo of 
the other. 

3. Cotitin u ity.— Another important and pleasant way of 
expressing unity is by giving some orderly succession to a 
number of objeets more or less similar. And this succession 
is most interesting when it is connected with some gradual 
change in the aspect or character of the objects. The succes- 
sion of pillars in a cathedral aisle is most interesting when they 
retire in perspective, becoming apparently smaller and more 
obscure in the distance. The succession of mountain pro- 
montories, one behind the other, on the Hanks of a valley ; or 
the succession of clouds fading farther and farther towards 
the horizon, each promontory and each cloud being of a 
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different shape, yet all evidently following a certain appointed 
order. 

4. Ctnvatnre.- — As curves are more beautiful than straight 
lines, it is necessary to a good composition that its continuities 
of objects or masses should fall rather in curved lines than in 
straight or angular ones. 

5. Radiation. — Another way ol producing harmony, es- 
pecially amongst groups of lines or objects, is to unite them 
together by radiation ; that is, by their all springing from one 
point or closing towards it. Tins is an essential part of the 
beauty of all vegetable form ; it is most simply seen in a single 
flower or leaf, but more beautifully in the complicated ;.3 rrauge- 
ment of large boughs and sprays, 

5. Contrast. — fn art, even- colour has an opponent colour, 
which, if brought near it, will relieve it more completely than 
any other ; every form or line ma)' be made more striking to 
the eye by an opponent form or line near them ; a curved line 
is set off by a, straight one ; a massy form by a slight one, and 
so on ; and in all good work, the value which anv given 
colour or form would have un combined is nearly doubled by 
contrast. And yet a too manifest use of this artifice tends 
to vulgarise a picture. Creat painters do not commonly admit 
violent contrasts. 

7. Balance and Symmetry. — Balance is closelv allied to 
symmetry, but in nature this symmetry is never formal nor 
accurate, as it generally is in a design for some object of 
applied art, such as a wail -paper or carpet. In landscape, one 
group of objects may be balanced by an entirely different group 
in another part of the picture. In figure composition this law 
is exemplified in many of the works of the Italian painters. 
Perugino's 11 Madonna," with the Angel Michael on otie side 
and Raphael on the other, is a beautiful example. 

Pigeon Post, An ingenious application of micro-photo- 
graphy, carried out by M. Dagron, during the siege of I'aris in 
the Franco-German war of 1S71. Messages to those outside 
were set up in type anil reduced b\" photography so con- 
siderably that a bundle of films weighing 15 grs. (r gm.), and 
forming the load for a pigeon, contained, over 80,000 words. 
On the safe arrival of a pigeon at its destination, the messages 
were transcribed and forwarded. (See also Aikckahi.) 

Pigment Processes. See Qui n on Process, Articuje's 
Process, Makiotvpe. Gum-Biciiromatk, Ozotvpe, Oil, 
Bromoil, Ozobrome and Cartiro Processes. 



Pirmcryptol Green Pinhole Photography 

Pinacryplol Green. See DESENSITISING, 

Pinhole Photography. Photography in which a pinhole 
is used in place of a lens. As a pinhole has no focus, objects 
at all distances arc equallv sharply rendered, and it can be 
used at anv distance from the sensitive surface. The same 
pinhole can he used at one moment as a wide-angle and at the 
next as a long-focus lens, simply by altering the extension of 
the camera. ""The image is never quite sharp, but increases 
in sharpness, up to a point, as the diameter of the pinhole is 
reduced. With loo small a pinhole, diffraction causes the 
linage to become more blurred again ; there is therefore a 
" best size " of pinhole for each extension. Quite wide 
divergence from the best size is. however, necessary before 
the loss of definition becomes noticeable. 

A pinhole is most easily made bv driving a needle through a 
sheet of metal foil ; the burr is then cleaned oft, and the needle 
is passed through again. The metal is then blacked, and put 
into the camera in place of a lens. The following table gives 
opposite the number bv which needle-size is rated, tlie diameter 
of pinhole made, the extension for which it is best suited, and 
the Watk ins- Power number on which exposure is based. 
— (fircie aj 

Needle Ditttrf'* Best Distance. &mti*im< W.P. No. 

20 ins. T ,V, in. 4 

13 „ A •> 5 



4 


0 036 in. 


5 


0031 „ 


6 


0-O39 ., 




0-026 ,, 


I 


0-023 ,. 


9 


0-020 ,, 


10 


o-oiS ,, 




0016 ,, 




0-013 , 


To calculate exposure, a 



13 
10 

8 „ i,'-; 

61 ,. 

5 ,, 1117: 

-1 (Id 

■ii ,. lirt 



5j 

ft M 6 



7 

r 

10 

12 



by multiplying the W.P. number for the pinhole by the 
camera extension (pinhole to film or plate). Exposure is worked 
out in seconds for this //number, but in actually exposing 
minutes are used in place of seconds. This device is necessary 
to brin" the //numbers within the range of the meter scales. 
Using a pinhole of W.P. No. 5 at 6 ins. from the plate, exposure 
is found for //. t 8. If this is half a second, half a minute is 
actually given, 
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Pinholes Plain (Salted) Papers 

A recent article by L. A. Turner [Amcr. J. Phys., 8, 112-1 15, 
April, 1940}. contains ;in improved theoretical treatment of 
pinhole work. The author shows that the optimum radius of 
pinhole is given by the formula : 



I ',| 



where X = wavelength of light used 

11 = distance of object from pinhole 
v = distance of image from pinhole. 
The criterion for best resolving power that leads to the figure 
1.2 in the formula is not very definite, and it is worth noting 
that if o.cj is used instead the formula closely agrees with some 
experimental work done by Lord Raylcigh to find the best 
definition. In ordinary landscape or architecture work, v is 
small compared with u, so that the formula may be simplified 
to : r = (i-2Xv)l. 

Figures calculated from this, using the factor 0.9 in place of 
r.2, agree closely with those in the table on the preceding page 
if worked out for X= 4500 A. (blue light). They are therefore 
correct for non-colour-seusitive material ; the distances should 
be reduced by about 12 and 20 per cent, for orthochromatic 
and panchromatic emulsions respectively. 

Circles of confusion are difficult to assess accurately, as they 
have no definite limits ; those given in the table are at least a 
very good guide to the standard of definition that may be 
expected in pinhole work. 

Pinholes. Minute transparent spots oil the negative. 
They arc chiefly due to particles of dust adhering to the film 
during exposure or whilst in the developer. To obviate these 
the camera should be kept absolutely free from dust, but 
where pinholes are in existence recourse must be had to 
retouching or painting them out. (Sec Negatives, 
Defects in.) 

Plain (Salted) Papers. Home -prepared paper for day- 
light printing, in which the sensitive salt used is silver chloride. 
This process, from which albumen printing later developed, 
gives matt prints, and practically any pure paper can be used. 
The paper is first coated with a size containing an alkaline 
chloride, is dried, and is then sensitised with silver nitrate. 
After printing, the print is gold-toned and fixed much like a 
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Plain (Salted) Papers 



P.O. P. print. Mirny formula have been produced, but the 
following instructions arc typical of them all. 




Siting and Salting— Weigh out f— 

Arrowroot . . . .193 grs. (22 gms.) 

Ammonium chloride . . 144 „ (i<J"5 S ms 0 

Citric acid . . . . 15 .. (1-7 gms.) 

Sodium carbonate . . . 3° » (3 4 8ms.} 
Rub the arrowroot into a thin cream with an ounce [50 c.c.) 
of water, bring a further 7 ozs, (350 c.c.) of water to the boil 
and pour the arrowroot cream into it in a thin Stream, with 
stirring. Boil until a perfectly clear jelly is obtained (about 
5 minutes,) Dissolve the chemicals in about 2 ozs. (100 c.c.) 
of water, add to the arrowroot jelly, and allow to cool. Filter 
if necessary. 

For more brilliant prints, add il grs. (015 gms.) of 
potassium bichromate to the above ; for softer prints, add 
2| grs. (0-25 gms.) of sodium phosphate. 

To apply to the papur, measure out the above at the rate of 
i minim for every square inch of paper (0-5 c.c. for 100 sq. cms.) 
Pin paper flat and taut on a board, using i'/tiss-headed pins, 
pour the salted size on to the middle of the paper, and spread 
it evenly with a flat sable brush about 3 ins. wide. As soon 
as the paper is evenly coated, work over it with a round hogs- 
hair stippling brush, using overlapping circular strokes, until 
the paper is surface-dry. Then dry in a warm place. 

Sensitising. — Prepare : — 

Silver nitrate . - . 70 grs. (8 gms.} 
Citric acid . . . . 20 „ (2-3 gms.) 

Water 1 ok. (50 c.c.) 

This solution is applied in the same quantity, and in the 
same way, as the salted size. When dry, the paper is ready for 
printing. 

Matt Albumen Paper. — A method of preparing paper which 
gives results intermediate between those of plain salted and 
albumen papers, is the following, which is due to Hiibl. 

Prepare — 

White of egg . . .i oz. (100 c.c.} 
Arrowroot solution . . 1 ,, (iqo c.c.} 

Salt 30 grs. (G-3 gms.) 

The albumen must be whipped to a froth, and allowed to 
stand 24 hours to clear. The arrowroot solution must be 
made as described, and when its temperature has dropped 




Plate- holder 



Platlno-bromide 



to oo° F. the two solutions can be mixed ; it can then be 
brushed on to the paper. The sensitiser for this may cither 
be a plain solution of silver nitrate, or the above-given formula 
with half the amount of citric acid. 

Printing and Toning. — The paper, of either type, is printed 
by daylight under a negative, which must have strong con- 
trasts. Printing is carried on till the print is deeper than it is 
required to be when finished. The print is tiicn kept on the 
move for 5 to 10 minutes in a salt solution of strength about 
1 to ii per cent., and then washed briefly. Almost any 
weak toning bath may be used ; it should contain about 1 part 
in 10,000 of gold. A suitable formula is ;— 

Gold chloride , . 1 gr. (o-igm.) 

Precipitated chalk . .110 grs. (12 5 gms.) 

Water . . . . .20 ozs. (1,000 c.c.) 

Shake well, stand tilt clear, and decant. This bath gives 
purple and purple-brown tones. For sepia and brown-black 
platinum toning is used. The following is satisfactory : — 

Potassium chloro plat in ite . 2 grs. (0-2 gm.) 
Dilute phosphoric acid . . -\ oz. (12-5 c.c.) 
Water . . , . 20 ozs. (i,oooc.c,) 

The salt bath mentioned above is essential, and prints must 
be well washed before fixing. For rich warm blacks, tone in 
gold till the colour just begins to change, wash well, and 
transfer to the platinum bath. 

Fix in io per cent, hypo, made slightly alkaline with sodium 
carbonate. 

See also Kallitype. 

Plate- holder. See Dark Slide. 

Plate Speeds. See Sensitometry ; also Exposure, 
Exposuiie Meter. 

Plates. The photographic glass plates coated with 
sensitive emulsion upon which the exposure is made for the 
production of negatives bv subsequent development are usually 
referred to simply as " plates," or " dry plates " as distinct 
from " films," After exposure and development, both plates 
and films are referred to as " negatives." 

Platino- bromide and Platino-matt Bromide Paper. These 
terms are used sometimes to describe a certain variety of 
bromide paper, the surface and tone of winch are supposed to 
resemble those of a platinotypc print. 
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Platinotypc. A contact printing process based on the 
reduction of a ferric salt to a ferrous salt by the action of 
light. The ferrous salt is in turn made to reduce a platinum 
compound to metallic platinum, this forming the final image. 
Owing to the chemically inert nature of platinum, a print so 
made is tar more permanent than any print having a silver 
image can he. No emulsion is used, so that the picture lies 
on the natural surface of the paper, allowing prints of dis- 
tinctive character to be made. 

Owing largely to the high cost of platinum, the process is 
much less used than in the past, and commercially-prepared 
paper is no longer available in this country. Paper may, 
however, be sensitised by hand without much difficulty. The 
formula; and instructions given here are largely due to Paul L. 
Anderson {American Photography, Oct., 1937, and July, 193S). 

The paper used should be of high quality, and if extreme 
permanence is desired a linen paper should be used. Drawing- 
paper of most types is suitable, and some varieties may with 
advantage be sized. For this, soak 150 grs. (11 gms.) of 
opaque gelatine in 30 ozs. (1,000 c.c.) of water for half an hour, 
and dissolve on a water-bath at 140° p. (6o° C). Add .15 grs, 
(3-4 gms.) of powdered alum, 7 ozs. (225 c.c.) of methylated 
spirit and filter into a dish. Immerse the paper boclilv in 
this, breaking all air bubbles ; soak for 3 minutes and hang 
up to dry. A second treatment may be necessary with 
some papers. 

The solutions needed for sensitising are 

1. Oxalic acid . . 16 grs. (t-8 gms.) 
Ferric oxalate . . . 240 ,, (27 gms,) 
Distilled water to 1 ozs. (100 c.c.) 

2. Oxalic acid . , . iGgrs. (i-8 gms.) 
Ferric oxalate . . -v 2 4° (27 gms.) 
Potassium chlorate . . 4 ,, (0-45 gin.) 
Distilled water to , . 1 ozs. (100 c.c.) 

3. * Potassium chloroplatinite . 184 grs. (21 gms.) 

Distilled water to 2 ozs. (100 c.c.) 

The ferric oxalate should be in the form of dry, bright green 
scales ; if brown, or if the scales show a tendency to stick 
together, the sample should be rejected. The chloroplatinite 

* For ii.ilUdiu'S'Iu-, rc| Ljii> witl' 

I'otjiisiumchloroiull.iiiilu 130 )[rs. (14.8 Knni.) 
Diitlllctl water to . . J OB. (100 c.c.) 

512 



* 



Platinotypc 

should be in the form of dry, clean crystals of ruby-red colour. 
All three solutions should be stored in the dark or in brown 
bottles. 

For coating, use a flat paint-brush with short hairs set in a 
thin row. Preferably they should be set in rubber. The 
paper is pinned to a Hat board, or clipped to a sheet of glass, 
and just enough solution to coat it is mixtd in a small measure 
or an egg-cup. For full black shadows, about 175 minims per 
too sq. ins. of paper (i-G c.c. per 100 sq. cms.) will be needed ; 
for prints in which the darkest shadows arc only grey, amounts 
down to 60 minims per too sq. ins. (0-55 c.c. per 100 sq. cms.) 
may be used, provided the brush does not absorb too much 
of the liquid. The relative qualities of No. 1 and No. 2 
solutions control the contrast of the print. * For normal 
contrast take — 

Solution 1 . . . . ,7 parts. 
Solution 2 . . . . 4 
Solution 3 12 

For soft prints, replace some or all of Solution 2 with an 
equal amount of Solution 1 ; for more contrasty results, 
similarly replace Solution 1 witli Solution 2. 

Pour the mixture in a pool in the centre of the paper, and 
at once spread it with the brush. Continue brushing till the 
paper is surface dry, and then dry in warm air or before a 
lire, and with the aid of a fan, in 5 to 10 minutes. The paper 
must be dry enough to crackle when Hexed, and it must either 
be used at once or stored in a calcium tube (t/.v.). Coating 
can be carried out in ordinary room light if not too intense ; 
the paper should be dried in almost complete darkness. 

Printing requires about 5 minutes in sunlight or corre- 
spondingly longer in the shade, behind a negative of normal 
density. The paper is sufficiently exposed when all detail in 
the image is visible in a brownish grey colour, the unexposed 
margins remaining yellow. The paper must be kept absolutely 
dry ; printing should be rapid (in the sun if the negative is 
not too thin) and a sheet of thin indiarubber should be placed 
between the paper and the back of the frame. 

Development is conducted by immersing the print, at room 
temperature, for 1 or 2 minutes in one of the following 
solutions, 

• With pilladlotype, tbi> control Is \est marked. 
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Platinum 

For neutral black tones :■ — 

Hot writer . . . 24 ozs. (500 c.c.) 

Potassium oxalate . . . 8 ,, (160 gms.) 
For cold blacks, use : — 

Hot water . . . . 24 ozs. (500 c.c.) 

Potassium oxalate . . . 4^ ,, (gd gms.) 

Potassium phosphate (mono- 
basic) . . . l| ,, (30 gms.) 
For warm blacks, use : — 

Hot water , . . 24 ozs. (500 c.c.) 

Potassium oxalate . . 8 „ (160 gms.) 

Mercuric chloride , . . 30 grs. (1-3 gms.) 

The warmth of the tone is controlled by the amount ol 
mercuric chloride used.* All these developers keep well, and 
may be used repeatedly. 

When development is complete, clear in three successive 
baths of i\ per cent, hydrochloric acid,f leaving the print 
5 minutes in each, then wash and dry. 

Increased contrast may be obtained! by adding a small 
amount of potassium bichromate (about O'l per cent.) to the 
developer. Reduced contrast can be had by adding a few 
drops of the dilute acid used for clearing ; care must therefore 
be taken that none of this gets into the developer by accident. 
Warming the developer, up to ifx> a F. (70 0 C), also gives 
reduced contrast and a warmer tone. 

Platinum Pr'uitiug-Oul Process. 
In this process, due to Pizzighelli, the image appears at full 
strength during printing, after which it only requires clearing 
in dilute hydrochloric acid as above. To secure this behaviour, 
an oxakite (the usual developing agent) is incorporated in 
the sensitising mixture, so that development takes place 
as printing proceeds. Since a trace of moisture is necessary 
for this, the paper is too inconstant in its behaviour for the 
process to be really practical. 

Platinum (Fr., Platitic ; ItaJ.. Plat i ho ; Ger., Platin). 
Pt : 1110-7. This element occurs usually in the free state, 

• PutUlinni. which in any caw pvc! a wanner tone Uion pl.illnum, is not very scull- 
live torn uremic chloride as a Biraris ol (urtlicr incrcjsLni; wjrrath ol colour. 
1 For palladiotypc. prints, reduce ILt itrenslb to 1 percent, 
t This is iucflcctif e witti pillidiuro prints. 
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the chief sources of supply being Mexico, Brazil, and Siberia. 
It is a silvery white metal, having specific gravity 21-5. 
When in an extremely fine state ol division, it is black, and 
is one of the most inert of all metals. It is tolerably hard, 
has a high melting point {1750" C.) and is not dissolved by 
hydrochloric, nitric, or sulphuric acid, and only slightly acted 
upon by some alkaline substances. 

P layer-type. See Reflex Copvikg. 

Pneumatic Release. A form of shutter-release now super- 
seded for most amateur work by the flexible wire release. It 
consisted of a bull and tube, the latter ending on a cylinder 
on the shutter itself, so that on compressing the ball the 
resulting air-pressure drove a piston down the cylinder and 
so released the shutter. In another form, chiefly used with 
roller-blind shutters, the tube ended in a small teat. This, 
normally flat and empty of air, was inflated by pressing the 
bulb, and in its expansion it moved a catch to release the 
shutter. 

Poisons. None of the chemicals used in ordinary photo- 
graphy are in any sense dangerous if used normally ; on the 
other hand, almost any photographic solution or chemical 
will give rise to more or less unpleasant symptoms if taken 
internally in sufficient quantity. It is therefore a sensible 
precaution to keep photographic chemicals ill a place where 
they cannot possibly be mistaken for medicines or beverages, 
or inadvertently used in cooking. 

Nevertheless there arc a few eh en lie a Is, mostly used in special 
processes, with which no liberties should be taken. The 
following paragraphs show how these substances may be 
handled in safety. 

Acids. With the exception of oxalic acid, no acid used 111 
photography is in the least poisonous in the trite sense, though 
several arc intensely corrosive if sufficiently concentrated. 
A few drops of concentrated sulphuric acid (oil of vitriol) 
placed on the tongue would cause extreme pain and extensive 
damage ; the same amount of acid, diluted with half a cupful 
of water, could be drunk without producing any ill effects 
whatever. 

Concentrated sulphuric and nitric acids are immediately 
destructive if they reach mouth or eyes, or even a slight 
abrasion of the skin ; to whole skin, on the other hand, It icy 
do no appreciable harm for several seconds. Neither should 
ever be handled except within immediate reach ol a tap under 
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which any acid reaching the person (or clothes) can be washed 
away with a copious stream of water, which instantly renders 
it harmless. The same precaution is advisable with concen- 
trated hydrochloric and glacial acetic acids, though these are 
much less corrosive than either of the other acids mentioned. 

Note also that when sulphuric acid and water are mixed 
much heat is generated ; if water is poured on to the concen- 
trated acid the water may boil and sputter hot acid into the 
face. To dilute sulphuric acid, pour it in a thin stream into 
water, with continuous stirring, and if the solution gets too 
hut leave it to cool before adding the rest of the acid. 

Oxalic acid and its salts (oxalates) are poisonous if taken 
internally, even in small amounts, but are quite non-corrosive. 
It is best not to allow them to come into contact with broken 
skin. Other acids used in photography are neither corrosive 
nor poisonous, unless swallowed in fair quantity. 

Atlialifs. Caustic soda and caustic potash, in solid form or 
in concentrated solution, are decidedly corrosive. Special 
care should be taken in breaking sticks or lumps to avoid all 
chance of small particles reaching the eyes, ft is sufficient 
to wrap, the stick in paper and to turn the head away, or close 
the eyes, at the instant of breaking it. As with corrosive acids, 
a copious stream of water should be used to remove any solid, 
or strong solution, that may reach skin or clothes. 

liven the strongest ammonia is not corrosive to skin or 
clothes, but its vapours actively attack eyes, nose and throat. 
To reduce the amount of vapour given off, strong ammonia 
should if possible be diluted to half strength as soon as bought ; 
this will also reduce loss of strength in storage. It is best to 
handle strong ammonia in a slight draught blowing the vapours 
away from the operator. 

No precautions are necessary in handling other photographic 
alkalies. 

Developing Age#i&. Most of the ordinary developing agents 
require no special care in handling (though all will produce 
stains if spilt). Mvtol and paraphenylene diamine are liable 
to cause skin trouble with a few specially susceptible persons, 
but the chief danger is from the dry substance rather than 
solutions. If any dry chemical that may reach the skin is 
washed away, and solutions, including developers, are never 
allowed to dry on the skin, no normal persons need take any 
further precautious. 

Cyanides. All cyanides (110/ including ferri cyanides or 
sulpliocyanides) are" exceedingly poisonous ; so much so that 
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even a fairly weak solution should not be allowed to come into 
contact with broken skin. Further, cyanides, especially in 
acid solution, give oil a vapour, smelling of Litter nhnonds, 
that it is dangerous to inhale. Handle solid or solution with 
spatula ur forceps, and never use cyanides except in a well- 
ventilated room with a draught carrying vapours away from 
the operator. Then, and then only, cyanides are safe to use. 

Mercury. Metallic mercury (quicksilver) is poisonous, and 
is much more dangerous than it appears because it may be 
absorbed unconsciously in the form of vapour. Any supplies 
of liquid mercury must therefore be closely sealed. " Mercuric 
salts are puisonous enough to make it advisable not to allow 
solid or solution to come into contact with broken skin, but 
are otherwise perfectly safe to handle. 

Other Clumicals. No special precautions are needed in 
dealing with photographic chemicals not mentioned above, 
though it is a sound general ride to allow no chemical to come 
into contact with broken skin. Further, no dry chemicals 
should be left for long on the hands, and after wetting the hands 
with any solution they should never be dried on a towel without 
first rinsing the solution away under the tap. Habitual failure 
to observe the latter precaution is a very common cause 
of chemical dermatitis. 

Polarising Filter. A filter that suppresses light vibrating 
in one particular plane, while freely passing light vibrating in 
a plane at right angles to this. Light reflected from a polished 
surface — glass, water, polished wood, glossy enamel, etc. — is 
to a large extent polarised, which means that it vibrates 
almost entirely in one plane. It is in photographing a subject 
containing reflecting surfaces that a polarising filter placed 
over the lens is of value. By so turning the filter that the 
plane in which it suppresses light coincides with the plane in 
which the reflected light is vibrating, the light reflected from 
the polished surface does not enter the lens of the camera, 
and so the reflection does not appear in the photograph. The 
polarising filter is of particular value in commercial photo- 
graphy. 

Polypose. A term applied to a photograph in which the 
same person is shown in two or more poses. The effect can 
be obtained cither by multiple exposure or by the aid of 
mirrors. A simple and effective method of making a polypose 
photograph by double exposure is the following : Paste a 
piece of black paper over the front of the lensdiood, and when 
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the paste is dry make a vertical cut through the paper in such 
a position that the width of paper on one side of the cut is 
about twice as great as that on the other. Clear the smaller 
piece of paper away altogether, so uncovering about one-third 
of the opening of the hood. Fit a temporary focusing screen 
(if the camera does not already possess one), and see just how 
much of the view is shown on the screen. Pare away the 
paper until illumination extends over just half the screen. 

If now- an exposure is made, half the view will be recorded ; 
by turning the hood round and giving a second exposure, the 
other half of the view will be photographed. With correct 
adjustment, it is possible to photograph the view thus in two 
halves, giving equal exposures, and obtain a negative in which 
the two halves so shade off into one another that no dividing 
line is visible. With the camera on a stand, and background 
objects left untouched, the same person may be twice included, 
once in each half of the view. 

With two mirrors of large size, the number of effects obtain- 
able is very great. By placing them face to face and the 
sitter between, reflection and re-reflection can be so arranged 




that the sitter in each of the mirrors appears as a series of 
copies of himself arranged in a row, side by side. Placing 
the mirrors so that their edges meet at an angle of 75 0 (see 
diagram), and letting the sitter face the angle, five different 
views of the same subject arc obtained, all giving essentially 
different views of the face. This method has very distinct 
advantages as a style of portraiture, and gives great scope 
for ability in posing and lighting. It will be seen from the 
diagram that the camera is arranged to point between two 
plain screens to prevent any part of the room near the camera 
coming into reflection. 

P.O.P. An abbreviation for " Printing-out Paper," a term 
which may be applied to any paper in which an image is 
produced by exposure alone, as distinct from those in which 
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it is only revealed hy subsequent development. In normal 
usage the abbreviation P.O. P. always means gclatino-chloride 
paper (t/.v.) 

Portrait Film. A variety of cut film (i/.u.) 
Portrait Lens. Sec Lens. 

Portraiture. It is so common for cameras to be used for 
the photography of people that it is hardly possible to say 
exactly where snapshotting ends and true portraiture begins. 
But as generally used, " portraiture " implies that the photo- 
grapher has had some measure of control over lighting, back- 
ground, and pnse, and that he has made a definite attempt to 
produce either a pictorial study or a representation showing 
something of the character of the sitter. Deliberation and 
thought on the part of the photographer, and co-operation 
on the part of the sitter, are both implied by the term 
"portraiture." 

Portraiture was the first, and for long the chief, application 
of photography. The professional has continued on more or 
less conventional lines evolved in the course of regular studio 
work, with standardized apparatus and lighting, whereas 
amateurs have often been more original and adventurous in 
their tendencies. 

The most essential equipment for portrait work is a camera 
fitted with a lens of focid length considerably greater than that 
normal for the size of negative being made. This is needed to 
obtain a head of good size on the negative without being com- 
pelled to bring the camera close to the sitter, a proceed ing that 
invariably results in an over-accentuation of perspective, 
giving a result that is often more of a caricature than a likeness. 
Failing a long-focus lens, the worker will have to be content to 
make Ins final prints by considerable enlargement of a small 
portion of his negative. No exact rule can be given, but in 
general it is unwise to bring the camera nearer to the sitter 
than about seven to ten feet, and a greater distance is usually 
preferable. 

The size anci type of camera is largely a matter of personal 
preference, though a camera making very small negatives is on 
the whole to be avoided, particularly if no long-focus lens is 
available. The reason is simply that graininess and blemishes 
are more noticeable in portraiture than in any other type of 
subject, and the larger the original image on the negative the 
more completely such faults can be avoided. If retouching 
of the negative is contemplated, nothing much smaller than 

519 



Portraiture 

half-plate, or quarter-plate at the very least, should lie con- 
sidered. 

It is important too, that the camera should be one capable 
trf being rigidly mounted on a stand, and that the shutter 
fitted should have a pood range ol slow speeds that can be 
tised without causing vibration of the camera. Most por- 
traits are taken with an exposure of about half to a tenth of a 
second. 

Tn embarking upon portraiture in an ordinary room, the 
background is often a difficulty. A plain wall is suitable, as 
are unpattenied curtains thrown well out of focus, or a special 
roll-up canvas background of light tint on one side and dark 
tint on the other may be bought or made. The exact depth 
of background tone on the print can be varied within wide 
limits by controlling the amount of light falling on it at the 
time of the exposure. For Ilea d-and- shoulder portraits, and 
even half-lengths, a background of size five feet by four is 
large enough. 

For indoor portraiture by daylight a reflector is desirable 
to throw light on to the side of the sitter away from the window. 
A light wooden frame, about 4x5 feet, covered with white 
calico, or even white paper, is convenient, but improvisation 
is often possible. A diffusing screen is also useful ; it may 
take the form of a wooden hoop covered with tracing linen. 
But such a screen is only really useful if it can be moved and 
adjusted readily, and then fixed in the required position. 
The effects obtained with the screen close to the sitter are 
totally different from those obtained by covering the window 
itself with a diffusing medium. 

Nowadays, however, most portraits arc taken by artificial 
light, using photoflood or similar lamps in reflectors. Suitable 
stands may be bought or improvised at home ; they should be 
movable, and adjustable both for height and angle. Usually 
a secondary lamp, often of lower power than the main lamp 
or covered with a diffuser, replaces the reflector suggested for 
daylight work. 

Panchromatic film is generally preferred to orthochromatic. 
as it gives a softer rendering of skin texture. When working 
by artificial light, a pale blue filter is often useful ; in its 
absence lips often reproduce too light, and blue eyes too dark. 
With orthochromatic film, on the other hand, lips, especially if 
lipsticked. usually reproduce too dark, and skin texture may be 
rather coarse. Many prefer orthochromatic film for portraits 
of men, and panchromatic for portraits of women. 
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The development of the negative and the lighting of the 
subject have to Lie considered lis one problem. A soft lighting, 
with the shallow side of the face mil much less brightly lit than 
the other, calls for rather long development; contrast}' 
lighting with heavy shadows, mi the other hand, calls for short 
development. For most subjects, soft lighting and fairly 
full development is best, but the untrained eye almost in- 
variably under- estimates the contrast of the subject. Hence 
the usual advice to cut development time short for portrait 
subjects. 

The accompanying diagrams may help the beginner to under- 
stand the art of lighting, which is the key to successful por- 
traiture. The sketches show the plan of an ordinary room, 
and are almost self-explanatory. They are based on the use 
of daylight, but the modifications needed to adapt them to 
artificial light work are simple, and are explained below the 
diagrams themselves. 

In (l) there is a strong light from one side only, which will 
produce somewhat violent contrasts of light and shade on the 
face of the sitter. 

In (2) the arrangement of the background, sitter and camera 
in relation to the window is unchanged, but a reflector screen 
has been added to lighten the shadow side of the face. The 
nearness and angle of this will affect the modelling considerably 
and should be experimented with to achieve the best results. 

In (3) a much softer lighting is secured by having the sitter 
further away from the source of light. This can be rendered 
softer still by means of a diffusing screen placed between the 
light and the face. Here again the reflector can be manipu- 
lated and placed in different positions and at different angles 
to secure a variety of modelling. 

In (4) Hat front lighting is secured by the arrangement 
shown. Here the sitter is facing the light and this position is 
suitable for obtaining high key results. For this purpose a 
light toned background should be used and the sitter also in 
light or white clothes. A certain amount of modelling can be 
introduced to this lighting by the aid of a reflector, or, in the 
case of artificial light, by the aid of a secondary light high up 
and to one side. This form of lighting has to be handled very 
carefully, or the results may be so flat as to produce insipid 
and characterless portraits, but with the right kind of model 
very decorative effects are sometimes possible. 

(5) is the arrangement for securing the so-called " Rem- 
brandt lighting." In this the face is more or less in shadow, 
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but with a bright edge of light or concentrated light from one 
angle. Very slight movement of the sitter in relation to the 
source of lighting and the camera will effect considerable 
alterations in this Lighting. It is an excellent arrangement 
for experiment to secure striking and dramatic results. The 
reflector is useful here to lighten the shadow side or to introduce 
a cross lighting. 

(61 is an arrangement for back lighting. This is more easily 
achieved by artificial light when one lamp can be placed directly 
behind the sitter, who completely shields it, but leaving a 
glow of light showing as a sort of halo behind the head. This 
generally calls for a dark background. A. secondary light is 
used to illuminate the front of the sitter, or in the case of 
daylight this can be achieved with reflectors. In daylight this 
form of back lighting can be secured with a dark background 
placed in front of the window, as shown in the sketch, with a 
small hole cut in it allowing a beam of light to strike in behind 
the figure. 

In both {5) and (G) it is a good plan at times to use a reflector 
with a hole cut in it through which the photograph is taken. 
This not only allows a direct front reflection on to the sitter, 
but acts also as a lens shade to screen the lens from the direct 
rays of light coming from immediately in front, and which 
might tend to fog the film or plate. 

This represents the six main arrangements of lighting to 
give definitely different effects, and to form the basis for the 
student who wishes to experiment in portraiture either by 
daylight or by artificial light. ' 

By working in an ordinary room, without a special back- 
ground, many pleasing varieties of " at home " portraits may 
l>c made, showing the sitter in his own usual surroundings. 
Care must be taken in such cases to avoid conflicting elements, 
such as pictures, unnecessary furniture, ornaments in the 
background that may catch the light, and so forth. The aim 
should always be to make the sitter the main centre of interest, 
and to keep the background and surroundings simple even if 
this means some re-arrangement of the furniture. 

For normal portraiture the camera should be at the level 
of the eyes, although in the case of short people a lower view- 
point will add dignity, whilst for very tall penple a higher view- 
point may be employed. The face should be carefully studied 
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before tht? portrait is taken, so that a, characteristic expres- 
sion or attitude may be obtained. The eyes should follow 
the direction of the face, so that if the head is turned, away the 
eyes should be turned in the same direction, and not back to the 
camera, unless a particularly coy or sly expression is being 
sought. 

In all portrait work the question of exposure is vitally 
important. Tables purporting to give the exposures needed 
when working indoors by daylight would be only misleading, 
for the possible variations in conditions are too great. Only 
a photo-electric meter or extensive experience will help here. 
Rut in work by artificial light it is possible to describe and 
tabulate the conditions with high precision ; accurate ex- 
posure tables, therefore, can readily be constructed. Those 
that follow are adapted from a set published in Amateur 
Photographer, and can be fully relied upon. 



Exposure Tables for Ahtificial Light. 

The following tables apply to gas-filled pearl lamps in 
re Hectors, placed so as to give a more or less frontal lighting 
of the subject. Shadows of normal depth arc allowed for, the 
assumption being that the subject is in a fairly light room not 
too far from the wall. If this condition does not hold, cither a 
reflector should be used or extra exposure given to allow for 
the absence of reflected light in the shadows. 

The factors allowed for in the tables arc speed of film, 
wattage of light, distance of light from subject, angle of light- 
ing, and lens-aperture. To calculate an exposure, appropriate 
numbers are taken from the various tables and added together. 
Opposite the- total in Table VI is found the exposure required. 

lixtwiple. — A portrait is to be taken on a panchromatic 
film of speed 30 0 Sell, by the light of two Photollood lamps 
placed at 5 feet from the sitter. Stop to be used ■ 5. From 
Table 1 the film has the factor 4. From Table II two Photo- 
floods (or 1,600 watts) have factor a, making the total (4 -|- 2) 
up to 6. The distance, 5 feet (Table I II J adds 9. bringing the 
total (6 4- 9) up to 15. The stop (Table V) adds a further 7, 
making the total now (15 + 7) = 22. Reference to Table VI 
Shows that the required exposure is ,V. sec. 
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Table I. Film Speeds. 
Rated Speed. Factor. 

Sclielncr. II. and. D. ' 'Chrome film " Pan film, 



35-37 
32-34 
29-3 * 
26-28 
23-25 



7,000-14,000 
3,500- 7,000 
2,100- 3,500 
1.300- 2,100 
Soo- 1,300 
400- 800 
200- 400 



2 

4 
6 
S 
10 
12 
'4 



6 
2 

4 

6 
8 
10 
12 



Table II. Light Intensity. 

Watts. Factor. 

50 12 

75 ' ■ ■ > . ■ * .11 

100 . , , .10 
150 9 

200 a 

300 7 

400 6 

600 ........ 5 

Soo or 1 Photollood ..... 4 

Ii2O0 3 

1, 600 or 2 Photofloods . , . 2 
2,400 or 3 Photofloods ..... 1 
3,200 or 4 PhotoSoods ..... o 



Table III. Distance of Light. 



Feet. 


Facto k. 


FfcKT. 


Factor. 


Feet 


Factor 


c 


. 0 


3i 




11 . 


. 14 




. J 


4 


: I 




■ 15 


:! 


. 2 




. 0 


16 . 


. 16 




• 3 




. 10 


19 ■ 


■ 17 


2 

2j 


■ <1 


6j 


. 11 


22 . 


. 18 


• * 5 


8 


12 


27 . 


. 19 


3 


. 6 


9i 


■ 13 


32 ■ 


. 20 
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Table IV, Anglk of aImn Lighting. 

Angle, Factor. 
Up to 45 degrees o 

45 to 5° i 

50 to 60 , , . . . .2 

Go to 70 „ . . . . , .4 

70 to So . . . . . .6 



Stops. 

//i -4 

//2 

//*-4 
//2-8 

//4 



Table V. Stops. 




FACTOli. 


Stops. 


Factor. 


0 


//*■« • 


7 


1 


/ft* • 


. S 


2 


//6-7 • 


■ 9 


3 


W ■ 


. 10 


• 4 


~m* ■ 


. 11 


5 


/in . 


. 12 


6 


f}i4 {Most Box 






Cameras) , 


■ 13 



Table VI. Exposures. 



Total. Exposure. Total. Exposure. 



10 


l/l,0OO 


25 • 


, 1/6 


II 


. I/7OO 


2G . 


. 1/4 


12 


1/3OO 


2 l ■ 


- . 1/3 


13 


■ 1 /350 


28 


. 1/2 


14 


• 1/250 


29 . 


■ 3/4 




• 1/173 


30 ■ 


. 1 


16 


. I/I20 


31 . 


. • li 


17 


. l/lOQ 


& . 


. 2 


l8 


. 1/60 


33 ■ 


■ 3 


19 


• I/40 


34 ■ 


: : i 


20 


■ 1/30 


35 • 




21 


. I/20 


36 • 


. a 


22 


. 1/16 


37 ■ 


. 12 


^3 


1/10 


38 . 


. 16 




. 1/8 


38 - 


. 2 4 
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Nonstandard Lights. If opal lamps are used instead of 
pearl, add i to the total before using Tabic VI. If Nitraphot 
lamps are used, subtract 2 from the total. If reflectors are 
not used, add an extra 1 to the total, and if d iff users are put in 
front of the lamp, add still a further 1 or 2, according to the 
amount of light they obstruct. An incandescent gas burner is 
about equivalent to a 50- watt electric lamp. 

Severn} Lamps at Different Distances. For this case 
strict accuracy requires that the contribution made by each 
lamp to the total illumination be worked out, and the exposure 
then deduced from their sum. In practice it is sufficient to 
work out the exposure for the main light and either ignore 
the rest, or make such small correction for them as common 
sense may suggest. The main light for this purpose is not 
necessarily the bulb of highest power, but that for which the 
figures fro'm Tables II and III (and Table IV if the light comes 
very much from side or top) add up to the smallest total. 
If two lights give the same total, it wtII be correct to give 
half the exposure calculated for cither alone. 

Positive. The familiar photograph, whether on paper or 
glass. So called to distinguish it from a negative, in which 
lights and shades are reversed. A diapositivc is a positive on 
a transparent support, and an ordinary print on paper, for 
viewing by reflected light, is sometimes called a kata-positive. 

Postage- Stamp Photographs, Camera for. See Multi- 
plying Camera. 

Postcards, Photographic. Specially prepared postcards, 
cut to regulation size and coated with bromide, gaslight, 
or chlorobromide emulsion are supplied by practically every 
maker of sensitive papers. The procedure for the production 
of picture postcards with these printing bases is exactly the 
same as with ordinary paper prints. 

Potassium Bichromate (Fr., Bichromate de potasse, Cliro- 
male rouge de potassium ; Ital., Bicromata di potassa ; Ger., 
Kaliumdichromat). KXr.,0, =^ 294. Synonyms: Potassium 
Dicluomate, Red Chromate of Potash, Acid Chromate of 
Potash. Is prepared on a large scale from chrome iron ore. 
It is met with commercially as line orange-red crystals, which 
give A very deep-enlcuired sululiiin. Solubility, 5 to 7 per cent, 
in cold, loo per cent, in hot water; insoluble in alcohol. It 
is of great importance commercially, the fact of its being 
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decomposed by light when in contact with organic matter being 
taken advantage of. H is used for dyeing, and also for tanning 
hides, the action in this ca.se being analogous to that in the 
carbon process. It is used in photography in the chromium 
intensiiier ; to reduce contrast in bromide printing, in reversing 
solutions for colour or reversible cine films ; in bleachers for 
various purposes ; it sensitises colloids to light, and so is used 
in the carbon, gum, and allied processes, and also in photo- 
mechanical work. It is also used in cleaning mixtures. 

A to per cent, solution is often referred to in photographic 
literature. This will deposit crystals at any temperature 
below alwut Cj° F, Replace it, therefore, with a 5 per cent, 
solution, taking twice as much of it. (See also Carbon, Oil, 
Ukomoil, Gum- Bichromate, and Photo-Mechanical Pro- 
cesses.) 

Potassium Bromide (Fr. , Bromure da potasse ; Ilal., 
Bromura di potassio ; Ger., Bromkalimn, Kalhtmbromid). 
K Br — 119. Prepared in white cubical crystals by acting on 
ferric bromide with potassium carbonate or by the action of 
bromine itself on caustic potash, and subsequent purification 
and crystallisation. Solubility, about 35 per cent, in cold, 
ioi per cent, in hot water. It is used chiefly as a restraincr 
in developers, but also in bleachers to form silver bromide. 
In developers, it prevents fog and reduces grain size, but cuts 
down the effective speed of the emulsion. Excess of bromide 
in developers for black -tone papers gives gTc e n is h- blacks ; 
with warm-tone papers bromide helps towirds warmth of tone. 
(See Development.) 

Potassium Carbonate (Fr., Carbonate dc polasse ; Ital., 
Carbonatv di potassa ; Ger., Kalimncarbonal, Kohlensanres 
Kali, Potasche). K t COj,3H a O = ig2. Synonyms: Peaxlash, 
Subcarbonate of Potash, Salt of Tartar, Salt of Wormwood, 
Potash. It contains nearly always about 16 per cent, of 
water of crystallisation, and is prepared by lixiviation, and 
subsequent purification, of the ashes of wood and vegetable 
matters. Solubility, about So per cent, in cold water ; in- 
soluble in alcohol and ether. It is extremely deliquescent — 
that is, absorbing moisture from the air — and becomes a 
pasty mass, ft is used occasionally as an alkali in developers, 
anil for dehydrating alcohol used for drying negatives or prints. 
Except perhaps with glycin, it is little used 111 modern de- 
velopers ; it gives, however, rather higher alkalinity than does 
sodium carbonate. A mixture of o parts sodium carbonate 
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well in solid form ; solutions should be protected from light and 
not allowed to come into contact with a cork unless it is waxed, 
t'sed in Fanner's reducer, and in bleachers and toning baths. 
Also in eyanotype printing. Ferric vanities are generally 
considered to be non-poisonous, but no liberties should be 
taken. Solutions and solid are perfectly safe to handle for 
all photographic purposes. 

Note that the yellow potassium ferrocyanide. quite useless 
as a substitute for fcrricyanide, is sometimes accidentally 
supplied tn its place. (See Rkduction and Ta.viST,.) 

Potnsslum Hydroxide (Fr., Polasse causliqiie ; Ger., 
Attzttuli). Synonyms: Caustic potash, Potassium hydrate 
K0H«5&, White lumps, ilakes, sticks, or pellets, the two 
latter usually king tin- purest. Deliquescent, and becomes 
superficially converted to carbonate on exposure to air. Keep, 
therefore, in bottle sealed with wax. Solubility, 75 per cent, 
in cold water. 1'sed occasionally as an alkali'in developers, 
particularly concentrated paraininophenol, wdiere in con- 
junction with potassium mctabisulphite it makes pjtassium 
sulphite, [ire f erred to sodium sulphite 011 account of its greater 
solubility. 

Potassium Iodide (Fr., Iodine de potassium ; Ital., loduro 
di pofaSSja ; Ger.. jodkaiium, Kuhuniiodid). KI = 1G6. 
Prepared by dissolving iodine in hot solution of caustic potash, 
evaporating and f lining the crystalline mass with charcoal and 
subsequent lixiviation. Solubility, 138 per cent, in cold, 
208 per cent, in hot water ; 1-5 per cent, in alcohol, 0-12 per 
cent, in ether ; o-8 per cent, in alcohol and ether ; 40 per cent, 
in glycerine. It is used for iodising collodion, in emulsion- 
juaking, as an ingredient of some intensiliers, and in the fore- 
bath used in physical development. 

Potassium M eta bisulphite (Fr., Metabi sulfite de potassium, 
Bisulfite, or Sulfite acidc dc potasst ; Ital., Mclabisoifito di 
potnssa ; Ger., Kaliummrtabisulfit). K.S : O s = 222. Prepared 
by saturating a solution of potassium carbonate with sulphur 
dioxide and precipitating the mctabisulphite with alcohol. 
Solubility, 1 : 3 of water, insoluble in alcohol. It is used as a 
preservative of pyrogallol, but its chief importance is as an 
addition to the fixing bath to make it acid and prevent staining. 
May be used to replace sodium bisulphite or sodium bisulphite 
lye (see these entries) in all their usual applications : 107 parts 
replace too parts by weight of sodium bisulphite, or 205 parts 
by volume of the lye. 
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Potassium Nitrite (Fr., Azolile de potassium : Ital.. /izo/rfc 
i/:' potassio ; Ger,, Salpetrigsaum Kali, Kaiiummlrit), KNO s 
--85. Can. be made by heating potassium nitrate, when 
oxygen is gtwetl off and "the ftitlit« left. It is an extremity { 
deliquescent salt. Its only photographic use is in preparing 
the paper for acti no meters. (See Exposure Metjjks.) 

Potassium Oxalate (Fr., Oxalate ventre de po!a;siiiiu ; Ital., 
Ossalctto Heitiro di potassa : Ger,, 0.ralsaHte$ Kali, Kalianto,\a- 
lat). K;C = OJ-IjO---lS4. Synonym: Neutral Oxalate of 
Potash, Prepared by neutralising oxalic acid with potassium 
carbonate or caustic potash. Solubility, 1 in 3 0/ water ; 
insoluble in alcohol or ether. It is used for the production ol 
ferrous oxalate, anil as a developer in the platinotype process. 
This salt should not be confounded with the bitiuxalate or ackl 
potassium oxalate known commercially as salt of sorrel. 

Potassium Permanganate (Fr., Permanganate de potas.se ; 
Ital., Permanganato di pvtassa ; Ger., Llebei uauigtaisa tires 
Kali, Kaiituupevmaiixtititit). KMnO, 15S. Small purple- 
black lustrous crystals, giving pink or deep purple solution. 
Powerful oxidising agent ; decolourised by reducing agents, 
in t hiding bisulphite and liypu. Solubility, about 3 per cent, 
in cold water. Used as bleacher and stain-remover, as reducer, 
in reversing bath for cine and colour films. Also as a test for 
hypo and as a hypo-eliminator. In view 0} its diverse uses, 
it is best kept as a t\ per cent, stock solution (40 c.c. = 1 grn., 
or r oz. m 11 grains). Each 10 parts may he replaced by 0 
parts of the very deliquescent and much more soluble sodium 
permanganate. 

Potassium Sulphide (Fr., b'tiie tie sottfre, Trisatjtti'c tie potass- 
ium ; Ital., Pculasalfitvo di potassio : Ger., Sck\i<efelkalium, 
Kaiiuvtsuljld, Sclivjcfcllcbcr). Synonyms : Liver of Sulphur, 
Sulphuretted Potash, Potassium Trisulphkle. Made by 
heating together sulphur and potassium carbonate, the 
resulting mass being poured out on slabs and broken up. It 
is of variable composition, but consists mainly of potassium 
trisulphide K S S;, anil potassium tluosulphate K = S,U 3 . Solu- 
bility : partially soluble in water, and three-quarters of it by 
weight soluble ill alcohol, it is used for the reduction of 
residues, and occasionally also fur toning. 



Ital. Rvdanuro or Solfocianuro di potassio ; Ger. Rhodankaiium 
or KaSiittmliodauat.) KCNS = 07. Synonyms : potassium 
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waxed -in cork, or as a stock solution. Solubility about 60 
per cent, in cold water. ITstil in iine-grain developers as a 
solvent of si Kit bromide, and also in gold toning baths and in 
mordanting baths lor dye toning. 



Powder Process, or Dusting-on Process. A thin coating of 
sugar, albumen and bichromate is exposed to daylight under a 
positive transparency. The coating, initially tacky, hardens 
on exposure to light. It powdered graphite or other material 
is now dusted on, it will adhere only to the parts protected 
during exposure, so reproducing the transparency from which 
it was made. Sec also H vasography and Peiwrtype. 

Preservative. Name applied to a chemical used in a 
developing or other solution to preserve it from too rapid 

oxidation. The usual preservative is sodium sulphite, but 
potassium metubisutpliiR', citric acid, and one or two other 
substances are also occasionally used. 

Preservative Case (for paper, etc.). See Calcium Tube, 

Press Photography. This term is usually applied to the 
photography, for daily or weekly journals, of subjects having 
news or topical interest. Although the illustrated papers and 
agencies employ their own press photographers, every amateur 
has an opportunity of turning his camera pictures — provided 
they are of the right type of interest — into cash, by carefully 
placing his photographs in the right market. The subject is 
too extensive for adequate treatment in a dictionary article, 
and the reader is referred to the several books on this subject, 
and in addition to the " Writer's and Artist's Year Book," an 
annual publication which contains a list of every magazine 
and newspaper, with the special wants of each, together with 
the addresses of editorial offices and press agencies. 

Primuline Process. See Diazotyfe Process. 

Principal Axis is the straight line which joins the centres 
of curvature of the spherical surfaces of a lens, or if one surface 
is plane, the principal axis passes through the centre of 
curvature of the spherical surface, and is perpendicular to the 
plane surface. A straight line passing through the optical 
centre, and making an angle with the principal axis, is termed 
a secondary axis. The centres of curvature arc the centres of 
■spheres, of which spheres the surfaces of the lens are segments . 
(See Lens.) 
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Print-Finishing. To finish in black and white and colour, 
see Enlarging and Bromide Paper ; see also Air Brush 
and Colouring Prints. 

Printing. This term is applied to any process by means 
of which a positive impression is made from a negative. 
Until recently the term, used without e[ua!ifkatian, always 
meant the production, upon paper, of a positive identical in 
size with the negative (i.e. a contact print) but with the wider 
adoption of cameras making such small negatives that 
practically all are printed by projection, it has come to include 
the production of enlargements. Contact printing by daylight, 
except for special purposes, is now practically obsolete, though 
some few amateurs, mostly those without dark-room facilities of 
any kind, still use self- toning paper. The vast majority of con- 
tact prints are now made on gaslight paper, while enlargements 
are always made either on bromide orchloro-bromide paper. 

The following table, adapted from Chare's Photography, gives 
an approximate indication of the relative exposures required 
in different printing processes ; the comparative exposure for a 
fast negative emulsion is also included. 



Gaslight Paper , 


8 — 40 mins. 


Warm tone Lantern-plates 




(according to tone) 


2 ', — 40 mins. 


Chlorobromide papers , 


12 - 24 sees. 


Bromide papers , 


2 - H sees. 


Black-tone Lantern -plates 


j - 3 sees. 


High-speed negative emulsions 


1 /50 see. 



For details of the various processes, sec Bromide, Gaslight, 
P.O. P. Gelatixo-Chlokide, Carbon', Platinum, Oil, Bro- 
moil, Gum-Bichromate, Kallitype, Palladiotvpk, Selp- 
Toning, Collodio-Ciiloride, Chloro-Bromide, Albumen, 
Plain Pater, Cyanotype, Carhro, Oleodrom, Ozotype, 
Ozourome, Lantern-Slides, Enlarging, etc. 

Printing Box. A box containing an electric bulb and 
having a printing frame o£ suitable type built into its upper 
surface. Often an orange light is also mounted in the box. 
Negative and paper are laid on a glass in the frame, and 
adjusted with the aid of the orange light ; after closing the 
back of the frame, the print is exposed by switching on the 
wdiife light for a suitable time. Printing boxes are particularly 
helpful as time-savers where many prints have to be made. 
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Printing Frame. A specially-made frame, generally of 
wood with deep rabbets, for holding negative and printing 
paper closely together while making a contact print Most 
frames arc fitted with hinged wooden backs, lined with baize, 
and held down by ilat springs. When using a printing-out 
process, one portion of the back may be lifted to observe the 
progress of printing without disturbing the print. 

Printing Surfaces and Blocks. See Photo-Mechanical 
Processes. 

Print Trimming. Sec Trimming. 

Prism. See Spectroscope. 

Prism, Reversing, A right-angled reflecting prism placed 
over the lens of the camera to obtain negatives reversed from 
left to right. Used in several of the photo-mechanical pro- 
cesses. (Sec Reversed Negatives.) 

Process Blocks. See Photo-Mechanical Processes. 

Projection Lumps. For £dl normal purposes of projection 
whether in a lantern, an enlarger, or a cine-projector, electric 
lamps arc now universally used. 

A lamp designed for projection has an especially compact 
filament, approximating as nearly as possible to the point 
source theoretically required. When the highest efficiency 
is required a low-voltage lamp is chosen, as the thicker fila- 
ment of a low-VOltage lamp can be brought to a higher tempera- 
ture, so enhancing the luminous efficiency. Further, adjacent 
parts of the filament can be brought closer without risk of 
arcing, so reducing the luminous area and increasing the 
efficiency of the optical system. On the alternating-current mains 
now almost universal, the use of a low-voltage lamp leads 
to no appreciable wastage of electrical power provided that a 
transformer is interposed between mains and lamp ; on direct- 
current mains, on the other hand, so much energy would be 
wasted in the resistance needed to reduce the voltage that a 
high-voltage lamp is nearly always preferred. 

Projection lamps are normally over-run to a certain extent 
to increase the light output, the main advantage of this being 
not economy, but a reduction of the heat developed in the 
lamp. Their life may be taken as averaging 100 hours in most 
patterns. A3 an over-run lamp is particularly sensitive to 
further over-running, it is wise to place a volt-mo tcr across the 
lamp, and to supply a small variable resistance that can 
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be adjusted to compensate for variations in the voltage of 
the mains, 

A concave reflector is normally used to return to the con- 
denser light emitted from the back of the filament. This 
should be adjusted so that the images of successive legs of the 
filament are formed in the spaces between adjacent legs in the 
lamp itself. The whole then forms a practically continuous 
luminous surface. With correct adjustment, the reflector 
can increase the light reaching the condenser, and hence the 
screen, by some 70 per cent. 

Projection Printing. The making of prints by any means 
involving the projection upon the printing paper (plate, 
film, etc.) of an image of the negative, a lens being used to form 
this image. Normally, this is done by an enlarger (see En- 
la hging), though the use of other related apparatus, sucli as an 
episcope for the projection of paper negatives, would also be 
included as " projection printing." The term is more commonly 
used in the U.S.A. than in England. 

Projector. An apparatus used to project a magnified 
image of a positive upon a white screen in a darkened room. 
Projectors are of three main types ; those for cine films (see 
Cinema Tor.it a phy), those for standard lantern slides $± ins. 
square, and the newly-popularised miniature projectors for 
slides of overall size 2 ins, square, bearing pictures usually 
24 x 30 mm. in size. This latter type can also in most cases 
be adapted for taking 35 mm. cine film in the length, and are 
very widely used for projecting colour transparencies, which 
are returned from the processing station either mounted as 
slides or in 18- or 3(3-exp05ure lengths. 

A projector for still pictures consists of a metal lamphouse 
in which is placed a brilliant light. Immediately in front of 
this is a condenser, and in front of this again a carrier of some 
kind to take the slides or film and allow one picture to be 
rapidly changed for another. A high-quality lens — nowadays 
usually an an as tig mat— of wide aperture projects on the 
screen a greatly- magnified image of the brilliantly-illuminated 
slide. (See Condenser and Enlarging.) 

The Oluminant used is in nearly all cases a projection lamp, 
(q.v.) with a reflector behind the filament. In the larger lanterns 
other illuminants, such as the carbon arc or a " Pointolite " en- 
closed tungsten arc, can be used, and where electricity is not 
available the lime-light or an acetylene burner aresti 11 employed. 

The following rules will be found useful for determining' the 
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length of the projected picture at different distances from the 
screen, or for choosing a lens to give ;i picture of predetermined 
size : — 

If distance from projecting lens to screen is D 
Length (or diameter) of picture on slide is rf, 
Length (or diameter) of projected pictnre is rf^, 
Focal length of lens is/. 

Then x £, . . . . (i) 

D _ f x f . . . . (*] 

* ' • ' ' $ 

On the opposite page there ia a ready-calculated tabic 
giving the size of the projected picture at different distances 
with lenses of different local lengths. The diameter of the 
picture-area on the slide is assumed to be 3 ins. Overleaf there 
is a similar I able for miniature projectors. 

Simple f.cns for Projection. Where the highest definition 
is not required on the screen, a lens for projection may be 
assembled as follows (L, Lumiere), To obtain a lens of focal 
length F, two plano-convex lenses of focal length ij F, are 
mounted with their curved surfaces facing one another and 
their plane surfaces separated by a distance 7, F. If, for example 
a g-iuch lens is required, obtain two lenses each of focal length 
12 ins., and mount them at the ends of a tube 8 jus. long. If 
the lenses are 1 ins, in diameter, the completed projection-lens 
will w r ork at//4.g. In fitting this lens to a lantern, it must be 
be remembered that the calculated lens-to-slide distances (see 
Conjugate Foci) will in this case include nearly three-quarters 
of the overall length of the lens. 

Screens for Projection.- — For all ordinary purposes a plain 
white screen is best, but it should be noted that it ought to 
be not only white, but also opaque, so that no light may be 
lost by transmission. For a small screen white card is 
perfectly satisfactory, and in larger sizes a wooden framework 
covered with a stout white cloth may be used. The cloth 
may he painted over with whitewash into which has been 
mixed a proportion of size to prevent it from Halting off. The 
following mixture, however, is even better. 

Gum arabic . . . . 1 oz, (50 gins.) 
White magnesia (hydrocarbonate) 4 ozs. (200 gms.) 
Water, about . . . 20 „ (1,000 c.c.) 
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Proportional Reducer Pyrocatechln 

Whore the screen is to bo Tollable, a trace of glycerine may be 
added to render the coating more flexible. 

Metallised Screen a are useful, especially for cine -projection, 
when there is difficulty in obtaining a bright enough picture 
on an ordinary white screen. It should, however, be noted 
that metallised screens, of any type, are only suitable for a 
small audience clustered closely about the line joining screen 
and projector. A suitable coating is made by mixing in 
20 ozs. (1,000 c.c.) of water, slightly warmed in a water- bath, 
Slaked lime . ' . . , 2C0 grs. (30 gms.) 

~ as , cm . ' ' • ■ 3O0 (35 gms.) 
Sodium silicate . . . 90 ,, (10 gms.) 

To this add 175 grs. (20 gms.) of whitening, and 175 grs. 
(20 gms.) of impalpable aluminium powder. This should 
preferably be sprayed on to the screen. 

Proportional Reducer. Reducer which reduces contrast 
without changing the density-ratios of the negative to which 
it is applied. Reduction thus takes place without falsification 
of tht: gradation of tones: For formula; and details sec 
Reduction. 

Push Pins. Convenient steel pins with large glass, metal 
or wood heads. Used for pinning up prints or films to dry, or 
for fixing bromide paper on to enlarging easel when making 
enlargements, 

P.V. (Panchromatic Vision) Filter. A filter prepared by 
Ilford Ltd., for viewing the subject to see how it will be 
rendered in monochrome. Used alone, a P.V. filter shows the 
subject as it will be reproduced on a panchromatic emulsion 
without colour-filter ; by holding over it the yellow, green, or 
other filter it is proposed to use, the subject is seen as it will 
appear when photographed through the colour-filter. 

Pyro. Sec Pvroc-allol. 

Pyro- Ammonia and Pyro-Soda. See Development. 

Pyrocatechln. (Fr. Pyracat£chitie : Ger. Broizkatcclnn) 
r — 2 C„H 1 (OH) a = 110. Synonyms: Catechol: Pyrocatcchol. 
Chemical name, orthodihydroxy-benzeiie ; an isomer of 
hydroijuinojic. Colourless crystals with divided " medicinal " 
smell. De veil. ping a^tnt r.f moderate activity, Wat kins 
factor 8 in 10. J '"or satisfactory development, its solutions 
require a p\ 1 of not less than 8 7. Solubility about 40 percent, 
in cold water. Notable for its tanning action on the gelatine 
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containing the developed image, which is usually of a warm 
colour, due to stain. Solutions quickly take on a reddish 
colour, even when fresh. Pyrocatcchin is particularly suited 
to the preparation of concentrated two-solution formula?, 
and is said to compensate for over-exposure. Crystallized, 
with its own weight of para-plienylene diamine, forms Meritol 
(g.v.) : except in this form, is hut little used in England, 
though often met in fonnuhc of German origin. (Set Dn velop- 
jiun't ; alno .M KUITOL.) 

Pyrognllol (hr., Acide pyrogalliuue ; Ger., Pyragallol, 
Pyrogalta sidnre) . Synonym : Pyrogallic acid, but is uni- 
versally known as " pyro.*' 1-2-3 trihydroxy benzene 
C s Ha(QH) 3 = 126. The oldest of all the developing agents 
(introduced 1 851) and still well-liked by many of the older 
photographers. It is particularly suited to development by 
inspection. Occurs as white crystals or in the purer rc- 
sublimed form ; soluble in water to extent of some 40 per cent., 
and dissolves also in alcohol and ether. Inclined to stain the 
fingers, and unless much sulphite is used gives yellow or brown 
dye-image reinforcing the silver image. This is no dis- 
advantage, but pyro-developed negatives are stronger than 
they appear. Generally used nowadays with sodium carbonate 
(pyro-soda developer) but develops maximum energy with 
caustic alkali in amount sufficient to form monophenolatc 
(NaO-C,H 3 (OH) 2 ). With more alkali it gives intense chemical 
fog. Maximum amounts of caustic alkalies : 45 parts of 
caustic potash or 32 parts of caustic soda per 100 parts of 
pyro. {See also Development.) 

Pyroxyline (Fr., Pyroxyle ; Ital., Cotoiic fiiiminanle, Piros- 
sili»a ; Ger., Pyroxylin, CoUodinmwolk, Schiessbcitimwolle). 
A substance of variable composition obtained by acting upon 
cellulose C fl H 10 O s , with a mixture of nitric and sulphuric acids, 
in which process one or more atoms of hydrogen are replaced 
by NO,. 

Pyroxyline is insoluble in water, almost insoluble in alcohol 
or ether, but readily soluble in a mixture of the two, and in 
glacial acetic acid. It is used for preparing collodion. (See 
Cellulose and Celluloid.) 
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Quick Drying of Negatives and Prints. See Drying 
Negatives. 

Quick- Fire Cameras. Cameras equipped with special 
mechanism for winding on the film and resetting the si I utter 
practically instantaneously, so allowing exposures to follow one 
another very rapidly when required. In one camera at least 
these movements are automatically performed by a clockwork 
motor the moment the finger is lifted from the shutter- release 
after making the exposure. Quick-Arc cameras generally use 
35-mm. cine film as negative material. 

Quick Processing. See Rapid Processing. 

Quinol. An alternative name for hydroquinone (i/.v.), 

Quinomet. Sec AIktoquinonk. 
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Rack and Pinion Focusing. A type of focusing movement 
in which separation between lens and plate is controlled by 
turning a knob mounted on the same spindle as a pinion, or 
small toothed wheel. Rotation of this moves a rack in the 
form of a straight row of teeth on a metal plate, so moving this 
forward or back and altering the distance between lens and 
sensitive surface. (See Focusing.) 

Radiography. The photography by means of X-rays of 
bones, muscles and other organs of the body. No camera is 
used, but the part of the body to be photographed is inter- 
posed between a plate or film (enclosed in a black envelope) 
and the X-ray tube. The picture made is thus always a 
shadowgraph. Exposures of a fraction of a second can be 
given with the most modern apparatus. A heavily-coated 
plate is desirable, but so much of the X-rays penetrate even the 
most heavily-coated emulsion that exposures arc long. To 
avoid this, " intensifying screens " are used. These consist of 
a layer of fluorescent material laid in contact with the plate or 
film', which is acted upon more by the light emitted by the 
screen as the X-rays fall upon it than by the X-rays themselves. 

Range Finder. Optical device for measuring the distance 
of an object from the observer, and of use to the photographer 
in enabling him to focus his camera accurately on the required 
object. The principle involved is that of sighting the object 
from two adjacent points, and estimating the distance by 
observing the angle between the two lines of sight converging 
upon the object from these two points. 

In the "tilting mirror" rangefinder the object is viewed 
directly through one window, and a half-silvered mirror is 
placed across the line of sight at an angle of 45°. Light enter- 
ing the rangefinder from the second window is deflected on to 
this half-silvered mirror, and so to the eye, by means of a 
second mirror (or reflecting prism). This second mirror can 
be turned through a small angle so as to bring direct and re- 
flected images into coincidence, and the knob or disc that con- 
trols this movement is graduated in distances. 

The " rotating wedge " rangefinder (Zeiss) is similar in 
structure, but in this the second mirror is permanently fixed. 
In front o£ one window a rotating wedge is used to deflect 
light reaching the window from the object, so that again the 
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two images axe superposed to ascertain the distance. The 
rotating wedge consists of two circular glass wedges or prisms 
rotating in opposite directions, this being necessary to avoid 
deflection of the image in a direction at right angles to that 
joining the windows of the rangefinder. 

The " swing wedge " rangefinder (Zeiss] is similar in prin- 
ciple to the rotating wedge, but simpler. Here the wedge 
consists of a plano-convex and a plano-concave cylindrical 
lens, with their curved surfaces in contact. Slight sideways 
movement (at right-angles to the axis of the cylinder of which 
the curved surfaces form part) upsets the parallelism of the 
plane surfaces and enables the wdiole to behave as a wedge or 
prism of variable angle. 

In any of these forms the rangefinder can he used as a 
separate instrument, or alternatively its movement can be 
mechanically coupled to the focusing movement of the lens, 
so that the act of measuring the distance simultaneously 
focuses the camera. In this case the rangefinder is built 
into the camera, and is known as a coupled rangefinder. 

See also Mini at uric Camkra, 

Rapid Processing. The following formula: have been 
worked out for developing and fixing a negative in the shortest 
possible time. 
Rapid Developer. 

Hydroquinone . . . 260 gr. 30 gms. 

Sodium sulphite (anhydr.) . 220 gr. 25 gms. 

Phenosafranin (1 : 1,000 solution) 100 mins. 20 c.c. 

Caustic potash . . . 525 gr. 60 gms. 

Water to .... 20 oz, 1,000 c.c. 
Development time, about 25 sees, at 6S°-70° F. 

Rapid Two-Bath Developer. 

A. Hydroquinone . . . 440 gr. 50 gms. 
Sulphurous acid (3 to 10 per 

cent.) . 4ioz. 230 c.c. 

Phenosafranin (1 : 1,000 solu- 
tion) .... 190 mins. 20 c.c. 

Water to . . .20 oz. 1,000 c.c. 

B. Caustic Potash . . . oz. 300 gms. 
Water to . . .20 oz. 1,000 c.c. 

Immerse in A at 77° for 5 seconds, and transfer to Ji, also at 
77° F., for 2 seconds. Then transfer for 2 seconds to a stop- 
bath of 10 per cent, acetic acid, and fix. 
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Rapid Fixing Bath. — Ammonium thiosulphate fixes more 
rapidly than the sodium salt, so that fixing can be accelerated 
by adding ammonium chloride (sal-ammoniac) to ordinary 
hypo. 

Hypo ..... 4 oz. 200 gms. 
Potassium mctabisulphite . zzo gr. 25 gms. 
Ammonium chloride , . 350 gr. 40 gms. 
Water to . . . . 20 oz. I.ooo ex. 

Rapidity of Lenses. A fast or rapid lens is one the largest 
aperture of which is a considerable fraction of its focal length — 
i.e., the //number of its largest aperture is small. (See 
Diaphragm.) Such a lens of course allows short exposures to 
be given. The fastest lenses in regular use for still photography 
at the present time work at about //I -5 ; owing to their price, 
such fast lenses are not very widely used. Lenses of aperture 
f/2 are common on miniature cameras of the more expensive 
type, while lenses of apertures f/2-S to //_V5 are freely fitted to 
small cameras sold at quite moderate prices. On cameras for 
pictures as large as 3^ x 2 £ ins, lenses faster than fly 5 are 
seldom used, and 7/4- 5 is the usual aperture for a folding camera 
of good quality in this or larger size. 

Rapid Rectilinear (R.R.), or Rapid Symmetrical Lens. 

See Lens. 

Rayomctcr. A kind of actinomctcr (generally a screen of 
aluminium of graduated thickness) used in testing sensitiveness 
to X-rays. (See ILvmocitAPSiv.) 

Reaumur. See Ti'ermometry. 

Reciprocity Law. The simple photometric law which states 
that the amount of iight energy reaching a surface (photo- 
graphically, the exposure) is given by the product of the 
illumination and the time it is allowed to act. Thus an ex- 
posure of 1 second to a 100 c.p. lamp allows the same amount 
of light energy to reach the sensitive surface as would a 
100-second exposure to a 1 c.p. lamp at the same distance. 

But lliL- L'liect of these two equivalent exposures on the 
sensitive emulsion is not in practice found to be the same, for 
there is one particular intensity of light, dilfering from emulsion 
to emulsion, to which the film or plate is most sensitive. A 
ten-second exposure to light of tlus intensity thus affects the 
emulsion more than does either a one-second exposure to a light 
ten times brighter, or a 100-second exposure to a light only 
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two images are superposed to ascertain the distance. The 
rotating wedge consists oi two circular glass wedges or prisms 
rotating in opposite directions, this being necessary to avoid 
deflection of the image in a direction at right angles to that 
joining the windows of the rangefinder. 

The " swing wedge " rangefinder (Zeiss) is similar in prin- 
ciple to the rotating wedge, but simpler. Here the wedge 
consists of a plano-convex and a plano-concave cylindrical 
lens, with their curved surfaces in contact. Slight sideways 
movement (at right-angles to the axis of the cylinder of which 
the curved surfaces form part) upsets the parallelism of the 
plane surfaces and enables the whole to behave as a wedge or 
prism of variable angle. 

In any of these forms the rangefinder can be used as a 
separate instrument, or alternatively its movement can be 
mechanically coupled to the focusing movement of the lens, 
so that the act of measuring the distance simultaneously 
focuses the camera. In this case the rangefinder is built 
into the camera, and is known as a coupled rangefinder. 

See also Miniature Camera. 

Rapid Processing. The following formula; have been 
worked out for developing and fixing a negative in the shortest 
possible time. 
Rapid Developer. 

Hydroquinone . . . 260 gr. 30 gms. 
Sodium sulphite (anhydr.) . 220 gr. 25 gms. 
Phenosafranin (i : 1,000 solution) 190 mins. 20 c.c. 
Caustic potash . . . 525 B r - 60 E ms - 
Watcr to . - - . 20 oz. 1,000 c.c. 
Development time, about 25 sees, at G8°-70° F. 
Rapid Two-Bath Developer. 

A. Hydroquinone . . . .(.{0 gr. 50 gms. 
Sulphurous acid (5 to 10 per 

cent.) 4* 07.. 230 c.c. 

Phenosafranin (1 : 1,000 solu- 
tion) .... 190 mins. 20 c.c. 

Water to . . .20 oz. 1,000 c.c. 

B. Caustic Potash . . . <3| oz, 300 gms. 
Water to . . .20 oz. 1,000 c.c. 

Immerse in A at 77° for 5 seconds, and transfer to B, also at 
77° F., for z seconds. Then transfer for 2 seconds to a stop- 
bath of 10 per cent, acetic acid, and fix. 
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Rapid Fixing Bath. — Ammonium thiosulphate fixes more 
rapidly than the sodium salt, so that fixing can be accelerated 
by adding ammonium chloride (sal-ammoniac) to ordinary 



Hypo - . . , . 4 oz. 200 gms. 

Potassium nietabisulphite . 220 gr. 25 gms. 

Ammonium chloride . . 350 gr. 40 gms. 

Water to . . . 20 oz. 1 ,000 c.c 

Rapidity of Lenses. A fast or rapid lens is one the largest 
aperture of which is a considerable fraction of its focal length — 
i.e., the //number of its largest aperture is small. (Sec 
Diaphragm.) Such a lens of course allows short exposures to 
be given. The fastest lenses in regular use for still photography 
at the present time work at about f/i-5 ; owing to their price, 
such fast lenses are not very widely used. Lenses of aperture 
03 arc common on miniature cameras of the more expensive 
type, while lenses of aperture f/2-S to fjy$ are freely fitted to 
small cameras sold at quite moderate prices. On cameras for 
pictures as large as 3 J- x 2 J ins. lenses faster than fly 5 are 
seldom used, and /fa- 5 is the usual aperture for a folding camera 
of good quality in this or larger size. 



Rapid Rectilinear (R.R.), or Rapid Symmetrical Lens. 

See Lr.xs. 

Rayometer, A kind of actinomcter (generally a screen of 
aluminium of graduated thickness) used in testing sensitiveness 
to X-rays. (Sec Radiography.) 

Reaumur. See Thermometry. 

Reciprocity Law. The simple photometric law which states 
that the amount of iight energy reaching a surface (photo- 
graphically, the exposure) is given by the product of the 
illumination and the time it is allowed to act. Thus an ex- 
posure of 1 second to a 100 c.p. lamp allows the same amount 
of light energy to reach the sensitive surface as would a 
100-sccond exposure to a 1 c.p, lamp at the same distance. 

But the effect uf these two equivalent exposures on the 
sensitive emulsion is not in practice found to be the same, for 
there is one particular intensity of light, differing from emulsion 
to emulsion, to which the film or plate is most sensitive. A 
ten-second exposure to light of tliis intensity thus affects the 
emulsion more than does either a one-second exposure to a light 
ten times brighter, or a 100-second exposure to a light only 



hypo. 
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one -to nth as bright as that to which the iji ate rial is most 
sensitive. This failure of the tilm to respond equally to 
exposures of equal energy, but made up of time and intensity 
in different proportions, is known as the " failure of the 
reciprocity law." 

Recordak. See Copying. 

Red Pmssiate of Potash. Sec Potassium Ferricyanidk. 

Redevelopment. If the silver in a photographic image is 
converted into silver cliloritfe or bromide, without at the same 
time adding anything to it, it can be redeveloped to its original 
intensity in any ordinary developer. A bleacher containing 
i part potassium fenicyanide and i part potassium bromide to 
ao parts of water is suitable for either negatives or prints. In 
the case of a too-contrasty negative, development can be 
interrupted when it is deemed to have gone far enough, and the 
as yet undeveloped silver bromide fixed away in an ordinary 
hypo bath. (See Harmonising Harsh Negatives.) When a 
print is redeveloped, the object is usually to improve the 
colour, for it generally redevelops to a fairly pure black. 

In wet-collodion work, the term " redevelopment " is often 
used for a process of intensification (<j.v.). 

Reducer. Solution used for the process of Reduction 
(9,11.). Such a solution always contains an oxidising agent 
[e.g., ammonium persulphate) to which also the name 
"reducer" may be applied. (See Reducing Agent.) 

Reducing Agent. Chemical substance capable of 
absorbing oxygen. Not to be confounded with "reducer" 
[in the photographic sense) which, by adding oxygen or its 
equivalent to the silver image, proceeds to dissolve it away. 
All developers contain a reducing agent such as pyro, mcto), 
amidol, etc. 

Reduction (in Size). The making of a lantern slide or 
print of smaller dimensions than the negative it is made from. 
A method of reduction is given under Lantern Slides, and by 
substituting bromide paper for the lantern plate, the method is 
equally applicable to the making of prints. (See also MlCRO- 
Photography.) 

Reduction (of Density). This process consists of partially 
dissolving away the photographic image, an oxidising agent 
being used as the active chemical. Different reducers act in 
different ways, some tending to increase contrast by acting 



more vigorously on the weaker tones of the image, while others 
tend to decrease it by acting more vigorously on the stronger 
tones. Either ol these actions tends to falsify tone-values : 
where reduction is resorted to as a corrective of simple over- 
development, a proportional reducer (g.v.) is required. 

Innumerable formula; for reducers have been put forward ; 
the following is a selection of the more valuable of these. 

Howard Farmer's Reducer.— This reducer, named after its 
inventor, tends to attack the fainter deposits most quickly, 
unless used very dilute. It is therefore valuable for treating 
a dense and foggy negative. 

Make up a 10 per cent, solution of potassium ferricyanide, 
which keeps fairly well in the dark as a stock solution. To 
prepare the reducer, add i part of this stock solution to some 
5 to 10 parts of 20 per cent, hypo solution. In this proportion 
fog and the fainter densities are rapidly attacked, and the nega- 
tive should be withdrawn from the solution and washed under 
the tap just before the desired degree of reduction is attained. 

If the amount of ferricyanide is cut down considerably, 
taking only 1 part of the stock solution to about 50 parts of 
20 per cent, hypo, reduction is slower and the denser parts of 
the negative tend to be affected first, so reducing contrast. 
At the expiration of some 5 minutes the mixed solution should 
be discarded ; if further reduction is required a fresh mixture 
must be prepared. After reduction, the negative is washed 
and dried as usual. 

Two-solution Farmer's reducer, — It is now quite common 
practice to keep ferricyanide and hypo in two separate solu- 
tions, and apply them to the negative in turn. If a hypo- 
free negative is immersed in a plain 1 per cent, solution of 
ferricyanide some slight bleaching takes place ; the bleached 
part of the image dissolves away when the negative is trans- 
ferred to 10 per cent, hypo solution. Used in this way, the 
reducer is approximately proportional in its action. 

If, however, the negative is first soaked in the hypo solution 
and then transferred to the ferricyanide, the reaction is much 
more rapid and the main effect is on the least dense (shadow) 
portions. 

Belit ski's Reducer. — The characteristics of this reducer 
approximate closely to those of Fanner's reducer, to which 
it may be regarded as an alternative. — Prepare : — 

Ferric potassium oxalate . 220 grs, (12 5 gms.) 

Sodium sulphite (cryst.) . . 1S0 „ (10 gms.) 

Water 10 ozs. (250 c,c.) 
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When dissolved add 30 grs. {1-7 gms.) of oxalic acid, and 
shake till the solution turns green ; decant from any undis- 
solved oxalic acid, and add 1,200 grs, (63 gms.) uf hypo 
dissolved in 5 ozs. (125 c.c.) of water. The mixed solution 
keeps well in the dark, and can be used repeatedly. 

Ammonium Persulphate. — The ammonium persulphate 
reducer particularly attacks the heavier deposits, and is in 
consequence very suitable for hard over-developed negatives, 
particularly of very con eras ty subjects, A suitable formula 

Ammonium persulphate . . 175 grs. (10 gms.) 
Water to . . .10 ozs. {250 c.c.) 

Sulphuric acid . . . 2 drops (2 drops) 

This solution must be made up as required. The negative, 
winch must be free from hypo, is immersed in this, with 
continuous rocking, until either sufficient reduction is obtained 
or the solution becomes milky. In the latter case, transfer the 
negative to water, and prepare a further supply of reducer. 
When reduction has gone nearly, but not quite, far enough, the 
negative is transferred to a " stop bath " of 5 per cent, sodium 
sulphite, which immediately arrests the action. 

The water used should be as pure as possible, for chlorides, 
even in minute amount, will entirely inhibit the reducing 
action. If the reducer refuses to work, addition of a drop or 
two of dilute silver nitrate solution, wliich precipitates out the 
chlorides, wdl generally start the action. 

Proportional Reducer. — As a corrective of simple over- 
development, this is the most satisfactory reducer. Make 
up :— 

A. Potassium permanganate . 2* grs. (0-25 gm.) 
Sulphuric acid, 10 per cent. 144 mins. (15 c.c.) 
Water to . " . . 20 ozs. (t,ooo c.c.) 

B. Ammonium persulphate . 220 grs. (25 gms.) 
Water to . . .20 ozs. (1,000 c.c.) 

Both these solutions Iceep well. For use, take 1 part of A 
to 3 parts of B. When reduction has gone far enough, transfer 
to a 5 per cent, solution of potassium metabisulphite, which 
will both check the action and clear the stain. If ineffective in 
removing the stain, transfer to a second bath of metabisulphite. 

Reduction by Toning. — When a moderate amount of re- 
duction, strictly proportional in character, is required, the 
image may be toned blue with an iron toner (see Tojunc) . The 
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negative looks denser to the eye, I nit gives much softer prints 
tlian he fore. If desired, the image can be restored to its 
original state by rinsing the toned negative in changes of 
dilute sodium carbonate solution till all blue colour is gone, 
and then redeveloping in any bromide paper developer. 

Ferric Sulphate. This is a very convenient proportional 
reducer for amateur work, as it is inexpensive and keeps well. 
A suitable formula is :— 

Ferric ammonium alum . 2 parts. 

Rain or distilled water . . . 100 parts. 

Sulphuric acid .... 4 part. 

When reduction has been carried far enough, immerse in 
very dilute (about o. 1 per cent.} sulphuric acid for a few 
minutes before washing. Tap water containing chlorides must 
not be used. 

Iodine and Cyanide. — This reducer can be used for negatives, 
but is more generally recommended for bromide prints. 
Prepare : — 

A. Potassium iodide . . 1 02. (50 gins.) 
Water .... 5 ozs. (250 c.c.) 
Iodine . . . . i oz, (25 gms.) 

B. Potassium cyanide . . I oz. (25 gms.) 
Water .... 5 o/.s. {250 c.c.) 

For use take A 6 parts, B 1 part, water 100 parts. The 
B solution is poisonous. (See Poisons.) 

Reduction of Prints. — Over-dark bromide and gaslight prints, 
including those that have been sulphide-toned by any process, 
may be reduced in : — 

Common salt . . .40 grs. (2 gms.) 
Potassium permanganate . 1 gr. (0-05 gms.) 
Sulphuric acid . . .10 mins. (0-5 c.c.) 
Water to . . . .10 ozs. {250 c.c.) 

The print should be hardened before treatment. If the 
action is too rapid, the reducer may be further diluted. When 
sufficient reduction has taken place, the print is transferred to 
an acid fixing bath for a minute or two, then washed and dried. 
Any remaining stain can be removed by treatment in a solution 
of potassium metabisulphite. 

Farmer's reducer is also very valuable for prints, but should 
be used much more dilute, or with a lower proportion of 
ferricyanide, than for the reduction of negatives. One part of 
ferricyanide stock solution (above) to 100 parts of hypo 
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solution should be tried first ; if reduction is too slow, the 
amount of ferrieyanide tun be increased. Papers vary a good 
deal in their susceptibility to the action of this reducer. Stain- 
ing, which occurs with some papers, can largely be prevented 
by adding about t per cent, of ammonia to the mixed reducer. 

Local Reduction. — Any of the foregoing reducers can be 
applied to part of a negative or print with a camcl's-liair brush 
or a wad of cotton-wool screwed up to a point. When locally 
reducing a print, tlie print should first be soaked in water and 
then blotted surface-dry. As soon as a little reduction takes 
place, the print is flooded with water and inspected ; if 
necessary, the application can be repeated in the same manner. 

Spirit Reducer for Prints, — The following spirit reducer can 
be applied locally to a dry print : — 

A, Iodine . . 40 gr. i gms. 
Methyl alcohol . . . ' 1 01. 50 c.c. 

B. Thioearbamide ... 80 gr. 4 gms. 
Water to . . . 1 ox. 50 c.c. 

For use, mix equal parts of A and B. diluting with water 
if only slight reduction is required. Apply locally with a small 
brush and immediately swab with methyl alcohol in a tuft of 
cotton-wool. Blot off any excess of alcohol, and repeat until 
the desired reduction is obtained. Finally re-ux and wash. 

Lantern Slides can be reduced, locally or otherwise, by any 
of the methods given for negatives or prints. 

Refill. 36 exposure length of 35-mm. film for pictures 
24 X 36 mm., with ends ready trii limed for loading, in the 
dark-room, into a cassette. "Usually packed, in black paper, 
in a small aluminium tube. Daylight -loading refills for 
reloadable cassettes are also offered by several makers. 

Reflected Light is the light obtained from the surface of 
any body that is not itself a primary source of light energy. 
In portrait work, the term is applied to the light obtained by 
reflection from any mirror or white surface. It is extremely 
useful in portraiture for lighting up the shadowed side of a 
sitter's face ; care should be taken, however, that too much 
reflected light is not used, or the result will be a hard and lifeless 
picture. Mirrors should rarely be used, and a rough, not too 
white surface is the best. 

Reflection Density. Density ((/.;'.}. measured by reflected 
light, as when finding the depth of tint produced by the photo- 
graphic image on printing paper. If a piece of fogged film 

549 



Reflection in Lenses 

transmits one-tenth of the light falling on it, it has a density 
(or transmission density) of one ; similarly if a piece of fogged 
paper has so darkened that it reflects one-tenth of the light 
falling on it, it has a re fleet ion -density of one. 

Reflection in Lenses. Reflection of light from the sur- 
faces of the component glasses of a lens leads to the diversion 
of an appreciable portion of the incident light from its intended 
path (see Loss of Light in Lenses). Some of this reflected 
light is sent back towards the object, and so does no harm, 
but some undergoes a second reflection and is diverted back 
to the sensitive surface. It may give rise either to faint but 
more or less well-defined images (see Flaue and Lens) or 
alternatively may simply be spread more or less evenly over 
the image, degrading its contrast and producing a foggy 
negative. 

The number of parasitic images that can be formed depends 
on t the number of separate component -glasses (single or 
cemented) making up the lens, and rises very fast as the 
number of components increases. (Number of images = 2» , — «, 
where ?i = number of components.) 

Separate Components .12 3 4 5 
Parasitic Images . . 1 * 15 28 45 

Those of the parasitic images that are completely out of 
focus on the sensitive surface give rise to the general fog 
mentioned above. 

The presence of these images, whether well-defined or not, 
is a much more weighty reason for preferring lenses of few 
components than is the mere fact that light that should form 
part of the image proper is lost at each reflecting surface. 

As is now well known, reflections at the surfaces of lenses can 
be reduced to almost negligible proportions by means of an 
anti-reflective coating, (See Coated Lenses.) The remarks 
that follow refer to uncuated lenses. 

Figures for the loss of contrast and general degradation 
of the image caused by reflected light cannot be given in 
general form ; they depend on the nature of the subject, the 
design of the individual lens used, and on the presence or 
absence of an efficient lens-hood. Recent figures given in 
Kkinfdm-Photo show that the amount of light illegitimately 
finding its way into the shadow-portions of the image was 
sufficient to reduce the contrast of an outdoor portrait, ta.ken 
on a sunny day with wdiite clouds, to the following percentages 
of the contrast of the actual subject : 
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Reflector Reflex Copying 

No Hood, Wi til Hood. 

fii-5 lens at // 3 . 5 . . . 60 Sg per cent. 

„ W't ... 73 H 

ft* - M ■ 37 &3 „ 

,, //0.3 ... 52 84 ,, 

In an interior subject, an//2 lens at //2. without hood, gave 
28 per cent, of subject-contrast when the subject was seen 
against a white background, but 90 per cent, when the back- 
ground was black. 

In addition to stressing the superiority of the simpler lens 
the need for a hood to cut out light which, though outside 
the field of view of the picture, nevertheless adds to the amount 
of reflected light within the camera, is made very evident 
indeed. (See Len*sT-Iood.) 

Reflector. See Portraiture, also Artificial Light. 

Reflex Camera, Camera in which the image is reflected, 
by means of a mirror, to a horizontal focusing screen at the top 
of the camera. {See Camera and Miniature Cameras.) 

Reflex Copying. A direct copying process for line work. 
A sheet of sensitive development paper is laid face downwards 
on a print— as an engraving in a book — pressed into contact, 
and the back of the paper is exposed to light, when, if the 
exposure was correct, a developable image is obtained. The 
process is sometimes called Playeriypc, after J. H. Player, who 
was chiefly responsible for bringing it into prominence. The 
details of working are as follows : A drawing-board is laid on 
the table. On this a sheet or two of stout blotting-paper. 
Next comes the drawing to be copied, face upwards. On this 
is laid a sheet of ultra-contrasty bromide or gaslight paper, 
coated side downwards, so that the sensitive side of the bromide 
paper is in contact with the surface of the drawing. Over the 
back of the bromide paper is laid a sheet of green or yellow 
glass, and over this a sheet of thick plate gla ss. The exposure 
is then made by illuminating the back of the paper, through the 
glass, for a suitable time. AH parts of the emulsion are exposed, 
and so to sonic extent fogged, but where the sensitive surface 
is in contact with a black line on the original being copied, less 
light is reflected back than from the white paper. It is on this 
difference in reflecting power that the formation of the image 
depends. By using a contrasty paper, a highlv restrained 
developer tending also to contrast, and adjusting the exposure 
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accurately, very satisf actory copies can be made. Special 
papers for reflex copying are marketed by several 
manufacturers, whose instructions as to exposure and develop- 
ment should be closely followed. 

If it is desired to try the process with a printing paper not 
specifically intended for the work, a developer giving high 
contrast should be used. The following is a suitable formula : 

A. Hydroquinonc . . . 2S0 grs, (32 gms.) 
Sodium mctabisulphite . 280 ,, (32 gms.) 
Potassium bromide . . 70 „ (8 gms.) 
Water to . . . ,20 ozs. (1,000 c,c) 

B. Caustic soda . . . 530 grs, (60 gms.) 
Water to .... 20 ozs. (1,000 c.c.) 

For use, take equal parts of A and B. This may be made 
up as a one-solution developer if preferred, and will keep 
reasonably well in bottles filled to the neck and tightly corked 
to exclude air. 

After development, prints are briefly rinsed, preferably in 
water made acid with potassium metabisulphitc and frequently 
renewed, and then fixed in an acid fixing bath. If the repro- 
duction obtained is insufficiently contrasty, it should first 
be treated in a fairly strong Farmer's reducer till the whites 
arc clear, and then intensified. 

Refraction of Light. When a ray of light passes obliquely 
from one transparent medium to another it suffers refraction, 
or is bent out of its course, as it passes the surface separating 
the two media. Refraction takes place according to well- 
known laws. The first of these is that the incident, the normal, 
and the refracted rays are in the same plane, and the second 
that the sine of the angle formed by the incident ray with the 
normal bears a constant ratio to the sine of the angle formed by 
the refracted ray with the normal. This ratio is the refractive 
index of the substance. It is different in value for light of 
different wavelengths, being greatest for violet and least for red. 
This fact is taken into consideration in the achromatising of 
lenses. (For further information on reflection and refraction 
the reader is referred to any elementary work such as Light for 
Studettis, by Edwin Edser (Macmillan)" or Optics, by W. H. A. 
Fincham (Hatton Press).) (See also Light.) 

Regression of Inertia. Increase in H & D speed of an 
emulsion with prolonged development. This effect is due to 
the presence of soluble bromide in either the developer or the 
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Rehalogcnfsing Repeating Back 

Rehalogenlsing The re-conversion of tlie silver image in a 
finished print or negative into silver chloride, bromide, or 
iodide. 

Any of the bleachers given under Sulphide Toning (see 
Toning) will perform this conversion. If a bichromate bleacher 
is used (see Chromium Intcnsifur, under Intensification) i 
the image will develop up darker than before if exposed to 
light and developed. (See also ReokVELOPMKnT and Har- 
monising Harsh Negatives.) 

Release, Shutter. See Shutter Releases. 

Relief, Photographs in. Sec Bas-Relief and Photo- ( 
Sculpture, 

Repeating Back. Fitting for back of camera allowing 
several photographs to be taken on one plate. It usually 
consists of a specially-made dark-slide that registers in several 



- 




successive positions with the picture -opening in the back of 
the camera. 

If a dark-room is easily available, a home-made repeating 
back can be made with an ordinary dark slide, and four 
smaller portraits taken with it, by using an opaque paper 
mask cut the same size as the plate but with one quarter 
removed as shown in the right-hand sketch. 

The focusing screen should be also marked in quarters. Fill 
the dark slide with the mask in front of the plate, focus the 
picture on the screen in the comer corresponding to the un- 
covered quarter of the plate. Insert the slide and make the 
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exposure. In the dark-room turn the mask round so that 
another quarter is left uncovered, make a second exposure 
on this, and. repeat the process until all four quarters of the 
plate have each been exposed. Then develop as usual. The 
method can of course be applied to two, three, six, or eight 
exposures on one plate, according to the masks used. 

If metal slides are in use, as with a small folding plate- 
camera, a pull-out from a damaged or spare slide may be cut 
to take the place of the paper mash described, and offers the 
advantage that the position of the mask may be changed with- 
out recourse to a dark-room. The sketch on the left shows a 
means of taking two pictures on a quarter-plate. The dark- 
slide is put into the camera, and then the pull-out of the slide 
is removed and the cut pull-out put in its place. The uncut pull- 
out must of course be replaced before the slide is removed from 
the camera. 

Residues. The recover v of unused silver salts is not worth 
while for the amateur, but for the professional doing a large 
amount of work, or for the D. & P. works, it may be a 
paying proposition to recover waste silver. The fixing baths, 
in which residual silver is found, are placed in a tub with crude 
potassium sulphide (liver of sulphur), when the silver is 
precipitated as silver sulphide Ag ; S. The liquid is run off, and 
mure used fixing bath poured in, and more liver of sulphur is 
added. When a pound or two of precipitate has collected, it 
is sent to the refiners for purifying. Any clippings or trimmings 
of unfixed paper should be fixed in an old hypo bath that is 
subsequently to be treated for recovery of silver. Where 
P.O. P. is used, washings from un toned prints should similarly 
be added to the contents of the tub. Some 20s. can be 
recovered in this way for each hundred pounds worth of 
sensitive material handled. 

Resolving Power. Expression of the fineness of detail 
that can be recorded by a lens or emulsion. The subject 
considered consists of parallel black lines separated by white 
spaces of width equal to the thickness of the lines. A lens 
(or emulsion) is said to have n resolving power of .150 lines per 
inch if Hie smallest image it will form (or record) without the 
lines becoming indistinguishable from one another by blurring 
is on the scale thus indicated. In practice, the resolving power 
of either lens or emulsion depends on the blackness of the lines 
and the whiteness of the spaces ; in addition, that of the 
emulsion depends also on exposure and development. Figures 
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Restoring Faded Photographs Retouching 

quoted normally refer to the blackest lines, and the whitest 
spares, conveniently obtainable on a paper surface, and with 
exposure and development adjusted to produce the highest 
resolution that the emulsion will give. 

Ilcsroring Faded Photographs. See Faded Prints. 

Restoring Old Bromide Paper. See Bromide Paper. 

Rcstrainer. See Development. The usual rcstrainers 
are bromides. As it is the bromide ion that is the active 
constituent, bromide of sodium, ammonium, potassium, or any 
other convenient metal may be used. (See Equivalence.) 
Citrates also act to some extent as restrainers. The chief effect 
of a res trainer is to slow the emulsion, a normally- exposed film 
behaving iti a restrained developer as though it were under- 
exposed, and an over-exposed film as though it were normally- 
ex posed. The contrast obtained in a given time — i.e., the rate 
of development — is substantially unaffected by adding a 
restrained In checking the appearance of shadow detail a 
rcstrainer also checks fog ; it is therefore added in large 
qualities to developers for line work, where high contrast is 
sought by prolonged development, and fog is to be avoided. 

Reticulation. The breaking up of gelatine on a photo- 
graphic film or plate in such a way as to give rise to a network 
of tine lines. Reticulation may occur simply as a result of 
processing at too I ugh a temperature, so that the gelatine 
becomes unduly soft. Usually, however, reticulation is the 
result o£ sudden contraction or expansion of the gelatine as a 
consequence of a sharp change in temperature wbile the 
gelatine is swollen with water. 

Reticulation of the gelatine bearing the image cannot be 
cured or concealed, for the image itself is bmken up. But 
reticulation of the gelatine backing o£ roll film. Which is more 
often met, can be concealed by printing or enlarging with a 
very dill used light, or by treating the damaged surface with 
a varnish having the same index of refraction as gelatine. 
Adding an extra gelatine coating is perhaps the most perfect 
cure of all. 

Retouching. The process of improving a negative or print 
by handwork. The term is most generally applied to the 
improvement of portrait negatives by knife and pencil, the 
former removing excessive deposit by scraping, the latter 
adding density in the shadows where required. Retouching is 
generally directed to smoothing out wrinkles, freckles, and 
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other such defects in the sitter, and to removing or lightening 
over-dark shadows caused by unsuitable lighting. 

The first qualification for a retoucher for portraits is a 
sound, if general, knowledge of the anatomy of face and hands ; 
this may come by deliberate study, or by experience and 
observation. Considerable artistic skill is also needed. 

As it is necessary to be able to see through the negative 
when working upon it, a retouching desk (q.v.) is required. 
The amateur retoucher will do well to avoid the use of the 
knife, as considerable skill is needed in its use, and mistakes 
cannot be rectified. Pencil work is another matter ; being 
applied not to the actual surface of the negative, but to a lilm 
of retouching medium that can be cleaned off if desired, any 
unsuccessful work can readily be removed. 

Retouching medium may be bought ready prepared, or the 
following may be made up : — 

Sandarac . . . . 12 grs. (1-35 pas.) 

Shellac . . , . 72 „ (8-3 gms.) 

Mastic 73 „ {S-2 gms.) 

Ether 3 ozs. {150 c.c.) 

When dissolved add Benzene . J oz. (35 c.c.) 

The medium is applied with the finger-tip, or a scrap of 
cotton- wool ; just a smear is all that is needed. 

For a thin negative a hard pencil (3H or 4H) is best, but for 
a denser negative a softer pencil will be needed or it will not be 
possible to apply enough lead to produce any appreciable effect. 
The point should be long and extremely sharp, and a piece of 
fine emery paper should be kept at hand for resharpening. 
Fig. 1 gives an idea of the type of point required. 




TIG. I. 

To fill ill a wrinkle in a portrait, go over it with a series of 
dots or other fine strokes unhl it is sufficiently darkened. A 
print should be made every now and then to see the effect of 
the work done. If unsatisfactory, the medium, and with it the 
pencil work, can lie removed by rubbing over with a rag 
moistened with turpentine, ff more work is required than 
the medium will take, varnish it over, and when dry apply 
more medium and continue the work. 
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The top sketches of Fig. 2 show the various methods of 
applying the retouching pencil in order to obtain a tone that is 
both even and a good match to the surrounding tone. It is 
immaterial which style is adopted so long as it is applied 
regularly throughout the entire patch. 

The lower sketches show how to fill a blank tone. The point 
to remember is that a better chance of making a successful 
join all round the edges is obtained by leaving a narrow margin 
all round at the outset. Do not attempt to match the sur- 
rounding tone immediatrtv, as it is much better to apply one 




Fip, 1 



light tone first, adopting any of the styles shewn, and then to 
apply a second over-laying tone, and so on until the two tones 
are finally matched. The last stage is to fill up the blank 
margin to " wed " the two tones. In this way it is easier to 
judge the matching of the two densities, and it also eliminates 
the tendency to begin with a heavy stroke in attempting to 
begin at the edge, which leads to an unnecessarily heavv 
"join." 

It sometimes happens that a negative has thin shadows — 
though full of detail — and hard lights, the shadows being too 
black by the time the lights are printed up. Rub some crimson 
lake on the palette, getting it pretty thick. Put the negative 
on the desk, glass side towards one. Alois ten the tip of the 
finger with the lips and rub on to the colour, and dab on to the 
shadows to be held back ; repeat untd the whole is evenly 
coloured. Small spaces to be coloured, such as ! lands in 
shadow, shadows under brows, etc., treat in the same way. 

For lightening large or small areas, neo-cocc in solution maybe 
applied to the film side with a brush. Two solutions, one more 
dilute than the other, may be used. For the weaker solution, 
dilute a stock solution of the dye until a touch on the clear 
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rebate of the negative produces a just-visible tint. The other 
solution may be about five times as strong. The gelatine takes 
up the dye-solution, allowing several faint washes to be super- 
posed before the negative has to be placed on one side to dry. 
If an attempt is made to put on all the colour needed in one 
application, the edges of the coloured area are likely to be very 
visible. A check of the effect can be made at any time by 
printing ; it is difficult to gauge visually at first, Neo-coccin 
can be was lied out quite readily if the work is not successful. 

To diminish the density of small areas Baskctt's reducer 
(q.v.) may be used, applying it with a small skin stump. Abra- 
sive pencils for the same purpose can be made by melting 
as much fine pumice as possible into hard paraffin wax, and 
casting the mixture in moulds made by rolling paper round a 
pencil. The resulting cylinder can be pointed as desired, and 
after being rubbed down the negative can be freed from greasi- 
ness with a light petroleum spirit (ligroin or " benzine "). 

To retouch for broad effects an excellent plan is to cover 
the back of the glass with collodion slightly tinted with a 
colouring material. When dry the film is scraped away where 
not wanted ; that is to say, where one wishes the negative 
to print with full vigour. A layer of matt varnish slightly 
tinted may now be applied, and a second scraping away to suit 
the subject can be performed. Shading with blacklead 
powder applied with a stump, and partial masking with fine 
tissue paper, may come in at this stage, while the paper may 
form a fresh basis upon wliich blacklead work may be done. 

In the case of all considerable operations at the back of the 
negative, trial prints should frequently be made. (For re- 
touching prints, see Aiu Brush, Colouring, Spotting, and 
Enlarging ; see also Bromide Pai-er.) 

Retouching Desk. Support on which a negative may be 
placed for retouching or similar treatment, for wliich purpose 
it is essential to arrange that it should be viewed by transmitted 
light. A simple type of retouching desk may consist of a 
sloping piece of wood in which a rectangular hole is cut. Into 
this hole fit carriers lor different sizes of negative. A mirror or 
white card is arranged horizontally below the opening to reflect 
light enough to enable the negative to be seen in comfort, and 
it is usual to provide an opaque screen round the top of the 
desk to prevent dazzle from the source of light, which is 
normally in front of the operator. More elaborate devices, in 
which the negative is placed on an opal plate electrically 
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illuminated from below, arc preferable where large amounts of 
work have to be done. 




Reversal. The production of a negative in cases where a 
positive is more usual, or of a positive where a negative would 
normally be obtained. Reversal may be deliberate or 
accidental. One cause of accidental reversal is extreme over- 
exposure, as for example, when a brilliant lamp is included in 
a night scene, or the sun in a daylight exposure. Plates 
produced with hydrazine in the emulsion are practically 
immune from reversal from this cause, and the use of glyein as 
the developing agent will also prevent reversal from making 
its appearance. 

Accidental reversal quite frequently occurs when a partially 
developed negative is inspected by unsafe light. The negative 
image already developed up is printed by this light upon the 
underlying unexposed emulsion ; on proceeding with develop- 
ment, this develops to give a positive. If this is stronger than 
the original negative, the latter is overwhelmed, and the 
result is a rather foggy positive. 

Intentional reversal is used in making substandard cine-films 
and in colour photography. Here a negative image is 
developed up aa usual, but instead of fixing out the unused 
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silver salts in thiosulphatc (hypo), the negative image is 
dissolved away in acidified permanganate or bichromate. The 
unused silver salts arc then cither exposed to light and 
developed up, or are blackened by the application of a solution 
of sodium hyposulphite or hydros ulphito (Xa-jSiOj — >wl com- 
mon " hypo "). As the amount of unused silver salt is greatest 
where the original negative was least dense, this process pro- 
duces a positive on material exposed in the camera. This 
method is only satisfactory when applied to the extra thin and 
completely even emulsions specially prepared for reversal. 

With ordinary emulsions, which contain far more silver 
than is needed for the formation of the two successive images, 
the negative produced by first development is printed upon the 
underlying unused silver by an exposure to light of a suitable 
length. The negative image is then dissolved away, in the dark- 
room, in a bath consisting of equal parts of a solution con- 
taining 0.4 per cent, of potassium permanganate and one 
containing 2.S5 per cent, by weight (or 1.55 per cent, by 
volume) of sulphuric acid. Though the separate solutions will 
keep, the mixed bath will not. After removal of the negative 
image, rinse and transfer to a 5 to 10 per cent, solution of 
potassium metabisulphite until the colour is removed, then 
rinse and develop in any energetic developer. 

This method, though requiring a certain amount of practice, 
especially with regard to the times of first and second exposure, 
can be used for preparing enlargements from colour trans- 
parencies. The more usual method of preparing an intermediate 
negative is, however, more easily applied. 

Reversed Negative. A negative in which the subject is 
laterally inverted, like a rellection in a mirror. Reversed 
negatives are required for certain photo-mechanical processes. 
They are generallv made bv placing a mirror or a reversing 
prism (see Puism,' Reversing) over the lens at an angle of 
.|5" to the axis of the latter. The camera is then pointed at 
right-angles to the object, which is photographed by reflection. 

Provided that the back of the plate is clean, and that in 
focusing due allowance is made for the thickness of the glass, 
a reversed negative can be made by photographing with the 
glass side of the plate facing the lens. 

Rigid Mount. Alternative term for Iris Mount (?.#.}. 

Rinsing after Development. For prints, an acid rinse 
consisting of ij per cent:, acetic acid or of 2 J per cent. 
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mctabisulphite may be used, but for films a chrome alum 
hardening rinse (see Hai;iji-:.\ixo Stop Bath) is preferable. 

Rising Front. A camera is said to have a rising front 
when the panel carrvmg the lens can be moved up so as to 
bring its axis above the centre of the plate. If movement in 
the opposite direction is also provided, the camera is said to 
have a " rising and falling front." The rising front is chielly 
required in architectural work or street scenes where the 
tops of buildings are required in the picture. If they are 
included by tipping the camera, vertical lines will converge, 
giving the buildings the appearance of (ailing over backwards. 
This docs not occur if the plane of the film is kept vertical and 
the tops of buildings are included by raising the lens, though 
marginal distortion is considerably increased whenever the 
rising front is used. (See Distortion.) 

Where an extensive rising movement is fitted, it may happen 
that the bottom of the focusing screen (top of subject) is not 
properly illuminated ; for such cases a swing front is often 
provided to allow the axis of the lens to be tilted back to the 
centre of the film. As the a>xis is then no longer perpendicular 
to the sensitive surface, extensive stopping down is required 
to provide adequate sharpness. It should be noted that the 
combined use of rising and swing fronts is exactly equivalent 
to tilting the camera and using a. swing back to bring the sensi- 
tive surface vertical again. (See Architectural Photo- 
graphy; also Swing Back.) 

Rives Paper. A particular make of paper specially pre- 
pared at Rives in Trance, for photographic purposes. 

Rochelle Salt. Sodium potassium tartrate iS T aKC,H«<> t 
.|H 3 U. M.W. = 162. Colourless clear efflorescent crystals, 
very soluble in water. Used in the preparation of gel a ti no- 
chloride printing-out papers, and as developing agent in the 
kallitype process. 

Rodinal. Concentrated one-sohition developer made by 
Agfa in Germany. The method of preparation is as follows ; 
Dissolve 34 gins, of paraminophenol in 340 c.c. of water. Add 
558 gms. of a 30 per cent, solution of potassium sulphite at 
55 s C, followed by 50 gms. of a 34 per cent, solution of potas- 
sium hydroxide, then 5-5.1 i^tns, of potassium bromide dis- 
solved in a little water, and finally 4^ minus, of anthroquinonc- 
2, 3-triazolc-sodium sulphonate. (The last is an anti-foggaut.) 
Then filter and allow to stand 14 days. 



Roller-Blind Shutter 



Ruby Light 



Equivalent concentrated developers, also based on para- 
mmophenul. are uttered by several liritisk makers, and a 
.simpler formula for a .-.imilar preparation will be- found under 
Faraminoplirnol in the article on DEVELOPMENT, 

Roller-Blind Shutter. Sec Shutter. 

Roll Film Adapter. Alternative, and now pcrhags more 
usual, term for roll holder {q.v.). 

Roll Films. Sec Films. 

Roll Holder. A piece of apparatus for using roll-film in 
a camera designed and built for plates. It is applied to the 
back of a camera in the saint manner as a dark slide or plate- 
holder, and a section of the film is wound up after each exposure 
as with an ordinary roll-lilm camera. (See Films.) 

Ruby Light. See Daiiic-Room, also Safl-Ligut. 
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Sate Edge. Sec Cakhon* Prtocnss. 

Safe-Light. Coloured screen or glass for the dark-room 
lamp, but the term is often also applied to t he lump as a whole. 
A safe-light screen has to be chosen for the material to be used. 
For fast ortliochromatic and non-colour-sensitivc films a deep 
red colour is generally used, but for bromide or chlorobromide 
paper a yellow or orange-yellow safe-light is much to be 
preferred,' For panchromatic films a deep green offers the 
greatest safety for its visual effect, but so little light Is per- 
missible that the amateur generally prefers complete darkness. 

Safe-light screens are made by coating glass with a solution 
of gelatine coloured by a suitable dye. A complete series of 
screens, each precisely calculated to give the best possible 
compromise between ' safety and brilliance of illumination 
when working with the particular sensitive material for which 
it is designed \ is offered by several makers. 

Safe-Light, to Test. The suitability of a safe-light screen 
for the material to be used, and the power of the light-source 
that can safely be placed behind it, can readily be tested by 
experiment. This is done by exposing to the light of the lamp 
a sample of the sensitive material to be used, giving different 
parts of the sample different exposures, te-.L-strip fashion. On 
development, the time during which exposure to the lamp is 
safe, at the distance at which the test was made, can be seen 
by observing the longest exposure that does not produce fog. 

Note that too safe a light is to be avoided ; a bright light 
which will fog the material unless it is protected as much as 
possible during handling is infinitely preferable to a very dim 
light to which the material may be freely exposed, but which 
leaves the darkroom in such obscurity that work is perpetually 
hampered by lack of light. For the development of negative 
material, a light that does not cause fog in less than 45 seconds 
at a distance of 18 inches may be regarded as sufficiently safe 
for careful working. Owing to the lower sensitivity of papers, 
a higher standard of safety may be set without unduly limiting 
the general illumination ; a convenient standard here is to 
allow 1 minutes, at the same distance, before fogging com- 
mences. If the light is found unnecessarily safe, or not safe 
enough, the power of the light-source behind the Miter may be 
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suitably altered until the desired degree of safety is attained. 
(Sec also Dank-Room.) 

Salt. In general, the class of substances formed by the 
combination of an acid with a base. If, for example, iron rust 
(iron oxide, a base) is dissolved in sulphuric acid, the acidity 
of the latter is largely neutralized and the salt iron sulphate 
is formed. When dissolved in water, salts are partially broken 
up (hydrolyped) into arid and base, both being present together 
in the solution. If base and acid arc botii strong, or both 
weak, the solution is approximately neutral, but if one is strong 
and one weak, the solution will be correspondingly acid or 
alkaline. A salt such as potassium carbonate or sodium 
phosphate (strong base, weak acid) can thus serve as an alkali 
in developers. 

" Salt," as distinct from " a salt,"' normally means sodium 
chloride (NaCl), the substance found in a "salt-cellar" on 
every table. To avoid confusion, sodium chloride is often 
referred to as " common salt." 

Salted Papers. See Plain Salted Papers. 

Saturated Solution. A solution which will take up no 
more of the dissolved substance. (See Solutions and 

SOLUUILITY.) 

Scales. See Solutions, Making Up. 

Scattered Light. See Rkfu-xtion in Lenses, Coated 

Lenses. Also I rkariation. 

Schciner. See Jimulsioii Speed, under Sensito.mktky, 
Schlippe's Salt. See Sodium Thioantimoniate ; also 

Toning. 

Scratch -Proof. A film is said to be scratch-proof when 
its surface has been hardened as a safeguard against mechanical 
damage by abrasion or otherwise. Ordinary hardening 
agents (formalin, or an alum) may be used, though the effect 
of an alum is not so much to harden the gelatine as to render 
it insoluble, even in hot water. Formalin gives a harder 
surface, but a mixture containing tannic acid is even more 
effective. The following bath has recently been recommended 
{B. J. Phot., 87, p. 65, 1940) as giving a particularly hard and 
scratch-proof surface. 

Tannic acid ..... 1 part. 

Hot water ...... 36 parts. 

When cool add 

Formalin ...... 4 parts, 
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For use i part of the above is added to 15 parts of water, 
and the film is immersed in this for live minutes towards the 
end of the usual period of washing. Washing Ls then com- 
pleted as usual and the film is dried. Grease, due to finger- 
marks or other causes, must be most scrupulously avoided, 
and it is advisable not to touch the surface of the film with 
the fingers until it is very thoroughly dried. (See also 
Hardening Fixer, Hardening Stop-Bath, and Formalin.) 

Screen, Coloured. See CoLourisKxsrnvK Emi'LSIOSM and 
Filters ; also Safe-Light. 

Screen, Lantern. See Projector. 

Screen Plates. See Colour Photography, 

.Screen, Ruled. See Photo-Mechanical Processes. 

Sculpture, Photographic. See Photo-Sculpture ; also 
Bas-Relief. 

Sease. Dr. Sease, an American investigator, has published 
fine-grain development formula: employing paraphenylene 
diamine and glycin. These developers are usually known as 
" Sease I," " Sease III," etc, (See Fine-Grain Development.) 

See-Saw Development. A method of developing a length 
of film by drawing it to and fro through the developer instead 
of immersing it bodily. See Films. 

Selenium. Se =79. Non-metallic clement closely related 
to sulphur. Normally obtained in the form of a black powder. 
Specific gravity 4.8, melting-point 219° C, boiling point 690° C. 
Insoluble in water, but dissolves slowly in solutions of sulphides 
or sulphites to form seleno -sulphide and seh-nosulphute respec- 
tively. These solutions are used for toning {q.v.) 

Self- Toning Paper. A variety of printing-out paper, for 
contact prints by daylight, in which the necessary chemicals 
for toning are incorporated in the paper itself, which therefore 
only requires fixing. It is made both with gelatine and 
collodion base. (See Gelatino-Ciiloride Paper and Col- 
lodio-Chloride Paper.) Instructions for handling, which 
should be closely followed, are issued in every packet. 

Printing must be taken deeper than is required in the 
finished picture. With nearly every paper a plain (non-acid) 
hypo bath of 10 to 15 per cent, will give good brown, warm 
sepia or purple tones. A preliminary bath of 10 per cent, 
solution of common salt will give a colder tone to most makes 
of self-toning paper, while if the prints are washed in plain 
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water before fixing the results will be much warmer (redder) 
in colour. These variations in colour can be turned to good 
account by painting over some details of the picture with 
plain water (to get red tones) and others with a weak solution 
of salt and water (to get cold tones). Very striking effects 
can be secured by this means. Still further variations in tone 
can be secured by employing an ordinary gold-toning bath 
in addition. 

Most self -toning papers will give excellent warm black tones 
if toned with potassium chloroplatinite. There is no necessity 
to wash the prints ; they should just be immersed in a salt 
bath, and then rinsed and toned in the chloroplatinite 
bath which is advised for ordinary P.O. P., and really fine tones 
can be obtained. It is essential to wash the prints well before 
fixing. 

It is important to note that the fixing bath should always 
be free from acid. To secure this a few drops of ammonia 
may be added to each pint. 

As the gold in some self-toning papers is soluble, it naturally 
dissolves out of the him to some extent ; if, therefore, several 
prints are toned in a small quantity of fixing solution, the gold 
is given its best chance to act as a toner, as the hypo bath 
will obviously be more concentrated in gold than if more of it 
had been used. The colour of self-toning prints should not be 
judged when wet ; they usually alter considerably during 
drying, becoming colder in tone. 

Sen si to merry. The science of sensitometry is primarily 
concerned with studying the effect upon the sensitive material 
of the two factors exposure and development. The results 
obtained from a quantitative examination of plates and films 
from this point of view lead on to methods of expressing emul- 
sion speed, contrast, and rate of development, and as these 
axe the fundamental facts that every photographer needs to 
know about his sensitive material, no amateur should fail to 
study at least the elementary principles upon which sensi- 
tometry rests. 

Photography was developed empirically rather than 
scientifically, so that for many years photographers really 
knew very little about the material they were using. The 
first scientific work in sensitometry was done in 1890 and 
following years by Hurter and Driffield, whose initiate are 
known to all camera-users through the " H. & D." system of 
plate-speed determination they originated. 
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Exposure. 

In sensitometric work the term " exposure " means " total 
light actiou " r;ithcr than " exposure time." Two sections of 
a plate are said to have received the same exposure even if 
one had i sec. exposure to a 10 candlcpowcr light, and the 
other had 10 sees, exposure to a light of i candlepower. 
Subject to certain minor limitations (sec Ri-;i:u>noriTV Law), 
exposure may thus be defined as the product obtained by 
multiplying the intensity of illumination at the surface of the 
plate by the time during which the plate is exposed to this 
illumination. 

If a plate is exposed to a constant light in a series of steps, 
giving exposures of i, 2, 3, 4, 5l etc., seconds, it is found on 
development that the apparent difference in blackness between 
successive steps becomes less and less towards the end that 
was given the longer exposures. Each successive increase in 
exposure of 1 sec. therefore produces less effect than the last. 

That this should be found seems reasonable enough if the 
attention is fixed on the ratio of successive exposures instead 
of upon their difference. The 2 sec. strip has had double the 
exposure of that given 1 sec, but the strip receiving an 
exposure ot 21 sees, has only had 5 per cent, more than the 
preceding strip to which 20 sees, were given. It is actually 
found by experiment that if in exposing a plate in steps each 
step is given double the exposure of the last, then the 
difference in blackness between successive strips appears about 
the same throughout. 

In expressing graphically the measurements made in con- 
nection with sensitometry it is therefore the rule to use a scale 
so chosen that exposure -steps resulting in equal percentage 
increases in exposure are the same length at all parts of the 
scale. This condition is fulfilled by a logarithmic scale, which 
has the property that successive equal steps along it correspond 
to equal proportional increases in exposure. A " doubling- 
up " series of exposures such as t t 2, 4, 8, 16, 32, etc., seconds, 
would be marked on a logarithmic scale by a succession of 
equal steps. 

On a graph giving the results of sensitometric measurements 
it is usual to mark a i-scc. exposure as o, a 10-sec. exposure 
as 1, a 100-sec. exposure as 2, and so on, in which case the 
figures o, 1,2, etc., being the logarithms of the actual exposures, 
are evenly spaced along the scale. By adopting this method 
of marking exposures the need for specially-ruled paper is 
avoided, and ordinary squared paper can be used. 
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In considering the light-stopping power of successively mure 
opaque strips on the devolopcd test-plate much the same 
result is found. ;ind the difference between two steps, one of 
which passes half as much light as its neighbour, appears about 
the same to the eye no matter whether the strips are light or 
dark. If one pusses i/ioth of the light and the other 1/20H1, 
their difference in blackness seems the same as that of a pair 
passing respectively l/iooth and 1 /200th of the light falling on 
them. This, indeed, is inevitable, for by illuminating the latter 
pair with a light ten times as strong as that illuminating the 
former pair, the amount of light actually reaching the eye 
would be precisely the same in the two cases. These results, 
again, are best expressed by a logarithmic scale. 

The term density, though very loosely used in ordinary work, 
is carefully and accurately defined for the purposes of sensi- 
tometry. The density of a deposit is formally defined as the 
logarithm of the reciprocal of the fraction of the incident 
light that it transmits. Clear glass has a density of o, a 
deposit passing i/ioth of the light has density 1, a deposit 
passing i/iooth of the light falling on it has a density 2, and 
so on, each successive decrease of the transmitted light to 
i/ioth of its previous value increasing the figure for the density 
by one. 

A Scnsitonwtric Test. 

With the terms that we shall use now carefully defined, let 
us follow the making of a simple sensitometric test. To a 
light of known intensity at a fixed distance, a plate is exposed, 
without the interposition of any lens or camera, in a series of 
steps, the times of exposure forming a " doubling-up " series 
or bearing some other convenient logarithmic relationship to 
one another. The plate is next cut into strips in such a way 
that each strip contains exposures covering the whole range 
(see fig, 1). 

These strips are then immersed together in a developer of 
known composition held at a known temperature, and are 
withdrawn for fixation at different stages of development — to 
take concrete figures, one may be withdrawn after 4 minutes, 
the next after 5, the next after 7 A, and the last left in till 10 
minutes have expired since development began. 

After washing and drying in the usual way the density of 
the deposit on eacli step of each of the four strips is measured. 
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This can be done in several ways, but in all cases the method 
used amounts to putting a source of illumination bell hid the 
plate and comparing the amount of light passed through it 
with the amount of light received in an uninterrupted beam 
from the same source. 

The Characteristic Curve. 

The figures so obtained are most easily grasped if they are 
exhibited in the form of a eurvc on squared paper, which 
presents the experimental results in the clearest possible way, 

A set of curves, corresponding to the measurements made 
on the test plate of fig. i , is shown in fig. i, to which reference 
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will again be made in connection with the relationship between 
contrast and development time. 

One of these curves, enlarged for greater legibility, is shown 
in the full-page diagram fig. 3. From this a great number of 
important deductions may be made. 

For the smallest exposures (log E less than about 0-7} a 
constant density of about 01 is given, and does not decrease 
with decreasing exposures. If the support {glass or celluloid) 
is colourless, this density, since it appears even on unexposed 
emulsion, represents a trace of fog. It is usually called the 
" fog-level," 
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Up to about log E=0'8, exposure does not produce any 
further developable deposit, but from this point on, each 
increase in exposure results in an increase in density. At 
first successive equal increases in log E produce larger and 
larger increases in density, as is shown by the steady steepening 
of the curve, but after reaching an exposure for which log 
E = 2, the curve becomes a straight line. 

This straightness is maintained over a wide range of ex- 
posures (up to log E =4' 75). The fact that the curve is straight 
means that in any part of this range a doubling of the exposure 
(increase of 0-3 in log E) results in the same increase in density, 
which is the condition that has to be fulfilled if the densities 
in the negative arc to be a true transcription of the brightnesses 
of the subject photographed. This range is therefore marked 
in fig. 3 as " Region of Correct Exposure." 

For much higher values of log E (above 4-75) this pro- 
portionality fails, as is shown by the departure of the curve 
from straight-line form. The lack of straightness betokens 
incorrect tone rendering, and as this incorrectness arises when 
exposure is too prolonged, this part of the curve is marked 
" Region of Over-Exposure." 

The foot of the curve, which is also not straight, is marked 
" Region of Under- Exposure." That only untrue representa- 
tion can be given by exposures in this latter region is shown 
by the fact that two exposures of 10 and 20 sees, show 
densities of o- 14 and o-ai, with a difference of only 0'07, while 
exposures of 50 and roo sees, show densities of 0-42 and 0 59, 
3 difference of 0-17, Although in both cases one exposure is 
double the other, the smaller density difference is barely large 
enough to be perceptible while the other is very distinct indeed. 

A negative whose tones included this part of the curve 
would evidently show more contrast in the half-tones than in 
the shadows, and more contrast in the high lights than in the 
half-tones. Any practical photographer will recognise this as 
a description of an under-exposed negative which, especially 
if over-developed, is characterised by hard blocked-up lights 
and lack of sufficient distinction between the shadow tones. 

Contrast and Gamma. 

Comparison of a negative such as this with the curve of 
fig. 3, makes it clear that the low-contrast shadow detail 
corresponds to the nearly horizontal foot of the curve, and 
the increasing contrast towards the high lights corresponds to 
the steepening of the curve as the region of correct exposure 
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is approached. The steepness or slope of the curve is thus a 
measure of contrast. 

Since the contrast of a negative depends on the time of 
development, it is to be expected that if four separate parts of 
the test-plate of fig. I are developed, as was suggested, for 
different times, the curves resulting from the four strips will 
have different slopes. Reference to the set of curves in fig. 2 
wiil show that the increase in slope as the development time 
is extended is very evident indeed. 

The steepness of the curve is taken as a measure of the 
contrast to which the plate has been developed, and as the 
steepest part of the curve is the straight-line part corresponding 
to correct exposure, it is the slope in this region that is taken 
for measurement. 

To find a figure for the slope it is only necessary to find the 
increase in density that corresponds to an increase of 1 in 
log E. At lug li — 2 .( 7 the density is shown in fig, 3 as I 'O, 
while at log E = 3".(7 it is t go. The slope of the curve is 
thus ooo. This figure is always referred to by the Greek 
letter y (gamma). 

The relation of this figure to practical work can most easdy 
be seen by considering a photograph including two objects 
one of which rellects ten times as much light as the other. II 
the negative is so developed that when it is held up to the 
light one of the images transmits ten times as much light as 
the other, the negative may very fairly be described as having 
the same contrast as the subject. A curve taken from this 
negative would have a gamma of 1, and we may consequently 
regard the gamma of a negative as showing how its contrast 
compares with that of the original subject. At the present time 
it is usual to develop negatives to a gamma of about 0-75 to 
0'8, which means that the contrast of the negative is decidedly 
less than that of the subject upon which it was exposed. 

The gamma of a correctly-exposed negative depends upon 
the developer used, the temperature of development, and the 
time during which the developer is allowed to act. From a 
set of curves such as that of fig. 1 it is possible, by determining 
the value of gamma from each curve, to find the relationship 
between gamma and development time, the other factors 
being of course held constant. A curve showing the increase of 
gamma with lime is given ;\s an inset to fig. 2, and it will 
be seen that though at first the rise in contrast is considerable, 
at longer development times gamma increases but slowly as 
development is prolonged. 
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Eventually a value of gamma is readied — in this case 
apparently about i-i— which cannot be increased no matter 
how long a development time is given. Tbis figure for gamma 
marks the maximum contrast that the emulsion will attain, 
and since it corresponds to infinitelv long development, it is 
called " gamma infinity " (yoo). 

A curve relating gamma to development time is often useful 
in practice, because the photographer does not usually wish 
to develop all his negatives, irrespective of subject, to 
the same gamma. Instead, he tries to develop them all to 
the same contrast, increasing the development time when the 
subject was flat, or decreasing it if the subject was contrasty. 
By thus varying gamma to compensate for varying contrast 
in the subject he is able to keep his negatives more nearly 
alike in character. 

To compensate precisely for varying subject-contrasts in 
such a way as to keep constant the overall contrast (difference 
between greatest and least useful densities) in different 
negatives is theoretically possible, but as the actual contrast of 
th; subject is seldom known with any precision, the practical 
photographer can only hope to make an approximate correction 
by shrewd guesswork. 

What is "Correct" Exposure? 

We have already seen that the tone- values of the subject 
arc correctly rendered on the negative so long as the exposure 
is such that all parts receive exposures corresponding to the 
straight part of the curve. If the ratio of brightnesses in the 
subject is 30 to I, so occupying a range of approximately 
1 -5 units on the log E scale, the negative will give a true 
rendering if the exposures given to the film cover the range 
from A to B (shown at top of fig. 3). Since A corresponds to 
the junction between correct and under-exposure, any less 
exposure than that given will result in under-exposed shadows, 
and a consequent falling off in shadow-contrast. Though a 
slight falling-off of contrast in this region can in practice be 
tolerated, owing chiefly to the fact that the printing paper 
supplies ,1 certain amount of correction for it, wc will for the 
moment restrict ourselves to the requirements of correct 
tone-reproduction on the negative itself. On this basis the 
practical exposure corresponding to the placing of the bright- 
ness range of the subject on the curve as shown is therefore 
the minimum correct exposure. It is this that exposure meters 
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of all types attempt to indicate, and it is generally called the 
" correct " exposure. 

That this is a misleading description can be seen if we 
consider what would happen if we gave an exposure ten times 
greater. The range of tones in the subject would now' fall 
between Aj and Bj, and it is at once evident that this range 
is still completely included in the straight part of the curve.. 
Comparing the two negatives, one having had ten times the 
exposure of the other, it would at once be evident that the 
more fully exposed one is the denser. But since both give a 
true representation of the tones of the subject, they would 
yield identical prints. It is therefore correct to describe both 
these negatives as " correctly exposed." 

Any considerable further increase in exposure would allow 
the point B to pass B_ and reach the region of over-exposure, 
in which the slope of the curve falls away. As is evident from 
the reduced slope, this would result in flattening the contrast 
in the lighter portions of the subject, which is the only criterion 
by which over-exposure can be recognised. How far down 
the tonal scale the flattening would reach will evidently depend 
on the extent to which the exposure -range AB is made to 
overlap into the region of over-exposure. 

Latitude. 

The range A to A 5 , or B to B s , represents the Tatio of maxi- 
mum correct to minimum correct exposure, and on the curve 
shown is about 18 to I (range of log E, 1-25). If a film will 
accept without distortion of tone values an exposure 18 times 
the minimum it is often said to have considerable latitude. 
Caution must, however, be exercised in stating latitude in 
tliis form, for as the requirements for correct exposure are that 
the shadows must not be under-exposed, nor the lights over- 
exposed, the permissible range of correct exposures will 
depend on the brightness range of the subject, A glance at 
fig. 3 shows that if the range of the subject itself extended 
from A to E, (range about 560 to 1) there could be only one 
value for correct exposure, for by the slightest increase or 
decrease either the lights or the shadows would encroach into 
a region of incorrect exposure. For such a subject the film 
whose curve is shown would have no latitude at all in the sense 
of permitting various exposures without detriment to tonal 
quality. 

In view of the fact that the latitude in practical exposure 
depends on the range of tones in the subject as well as on the 
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r.mge of tones the film will render truly, the Litter is best 
used where an expression of latitude in numerical terms is 
desired. Such an expression amounts to giving the maximum 
range of brightness (i.e., from A to B : ) that the film can record 
faithful lv when given the ide Lilly-correct exposure, and for the 
film of fig. 3 this amounts to a range of 5C0 : 1. 

incorrect Exposure. 

From the practical point of view complications not con- 
sidered in the above discussion must be taken into account. 
It is obvious, for example, that the eye cannot detect falsity 
of tone 111 a photograph nearly so readily as it can detect 
departure from straightness in a curve. Moderate encroach- 
ment into the under-exposure region is in consequence harm- 
less, so that the range of exposures giving satisfactory results 
in practice is greater than the curve would suggest. But 
except by more or less arbitrary agreement, or in connection 
with one particular printing paper, no very definite limits 
beyond which it is unsafe to go can be laid down. 

t% Effect of Hie Printing Process. 

Although the considerations just discussed apply with full 
force so long as attention is restricted to the negative, no 
practical photographer will overlook the fact that it is by his 
prints his work is judged. To get a lull -scale print, repro- 
ducing the full range of tones from white to black, the entire 
scale of the printing paper has to be used, and it is very 
evident that there is but little likelihood that the characteristic 
curve of a printing-paper will be a straight line over its entire 
range. The truth or otherwise of the tonal reproduction 
given by the negative is t lie re fore- only part of the story ; any 
defects "in this direction that may arise through allowing part 
of the tonal range of the subject to fall within the regions of 
under- or over-exposure are liable to be modified, for the better 
or otherwise, by the no 11 -linearity of the characteristic curve 
of the paper. 

Investigation under care fully -con trolled conditions has 
recently shown that as the contrast in the extreme high lights 
of the average printing paper is low. any falling off of contrast 
in the corresponding part of the negative is accentuated. 
Over-exposure of the" negative (use of the curve to the right of 
B s in fig. 3) must therefore be avoided at all costs. Fortun- 
ately the latitude of the modern film is such that over-exposure 
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hardly ever arises in practice, except when dealing with sub- 
jects of extreme tonal range. Flattening of tones on the 
negative due to over-exposure is, however, a probable contri- 
butory cause of the frequently -experienced difficulty in 
obtaining a good rendering of clouds in a normal landscape. 

To a limited extent, errors of tone-rendering caused by 
slight under-exposure of the negative (use of the curve to the 
left of A in fig. 3) are actually corrected by the characteristics 
of the printing- processes usually used. From the practical 
point of view, therefore, the " region of correct exposure " 
extends rather farther to the left than is shown on the curve, 
though the exact amount to which the shadow-tones may be 
allowed to extend into the "region of under-exposure" 
depends on a number of factors, including, of course, the 
characteristics of the printing paper. From this point of 
view, we may modify the definition of " minimum correct 
exposure " given above, and regard it as the shortest exposure 
that will give a negative in which the falling-off of contrast in 
the shadows is not too great to be corrected by the imperfec- 
tions of the printing paper to be used. On this basis, minimum 
correct exposure depends on the printing paper to be used. 

Emulsion Speed 

It is too eummonly assumed that the " speed " of a plate or 
tilm is as definite and easily measurable a quantity as, say, 
the speed of a moving vehicle. Nothing could bo further 
from the truth. We have just seen that the minimum ex- 
posure required in any particular case depends 011 the printing 
paper to be used— so, therefore, does the speed of the negative 
emulsion. It also depends on the developer chosen, on the 
extent to Which development is to be carried (gamma value 
to be reached), and the temperature of development. 

These are factors that have to he considered when deter- 
mining the minimum exposure needed in actually photo- 
graphing some particular subject. In practice, however, 
emulsion speeds cannot be determined in any but the roughest 
way by merely taking photographs with a camera ; the 
conditions are not capable of being reproduced, or even stated, 
with anything like sufficient precision. Speed-measurements, 
therefore, have to be based on accurate laboratory work ; 
that is, they are based on the characteristic curve of the 
emulsion. The question at once arises ; what part or property 
of the curve is to be taken as a measure of emulsion-speed ? 
Different workers have answered this query, which is more 

57" 



Sensitomctry 

perplexing even than it appears at first sight, in various 
different ways ; each choice of a criterion of " speed " gives 
rise to a different speed-system. And it is particularly to be 
noted that two plates that have the same speed when measured 
according to one method may have quite different speeds when 
measured by another. 

H & 1) SpmU 

The first scientific method of measuring emulsion speed 
was that of Hurler lv Driffield. They ignored any effect of 
the printing paper, and laid down that the minimum correct 
exposure was the least that would give accurate tone-repro- 
duction in the negative. They based their film-speed, funda- 
mentally at least, nn the point A of fig. 3. Hut partly owing 
to the difficulty in determining the exact point at which the 
" toe " of the curve began, and partly to find a speed -value 
that did not greatly depend on gamma, they continued the 
straight line part of the curve backwards as shown dotted in 
fig. 3, and took as a measure of the H & D speed the exposure 
indicated at the point where this extension cut the line in- 
dicating fog-level. This exposure they called the " inertia " ; 
the specd-nutnlier was found by dividing the value of the 
inertia into 34. Thus the H & D speed numbers arc inversely 
proportional to the exposure required ; a plate of speed 250 
II & D requires ten times the exposure needed by a plate of 
2, too H iS: l> 

It is now known, firstly, that Hurter and Driffield's con- 
viction that there must be an absolute speed number, inde- 
pendent of the degree of development, was quite unjustifiable, 
and secondly, that the H & D speed number of an emulsion 
is by no means a reliable guide to the exposure needed in 
practice. 

Schemer and DIN Speeds 

The Scheiner system of speed- measurement was introduced, 
a few years after the H & D system, as a method of comparing 
the speeds of plates used for astronomical photography. In 
detecting a star by photography the conception of true tonal 
rendering does not enter ; Professor Scheiner (180,4) therefore 
rated the speed of a plate by the least exposure that would 
give a visible darkening on development, which was the point 
that mattered for his purpose. 

In measuring the speed of a plate by the Scheiner method, 
a series of exposures is given to a light of known intensity, 
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and the plate is then developed under standard conditions. 
From examination of the developed plate is found the ex- 
posure that produces an image just detectable in comparison 
with the part of the plate that was protected from light. The 
speed so determined is arbitrarily- expressed in " degrees," the 
system being so arranged that each addition of 3 to the Schcincr 
number corresponds to a doubling of speed. 

The DIN system (1031) is a variant of the same idea. 
For this a. plate is exposed for i/joth sec. behind a neutral 
grey scale of densities so arranged that each successive density 
is greater than the last by o-i. This scale receives a standard 
illumination of 40 lux. After very prolonged development 
the speed of the emulsion is stated as the density of the step 
behind which there has been obtained pn the plate a density 
of o't above fog level. As in the Schemer system, the figures 
used to represent speed arc on a logarithmic scale [tj.v.), a plate 
of 18/10 DIN requiring double the exposure of one of speed 
21/10 DIN. 

Three Methods Compared 

The three points used in determining 11 & D, Schcincr, and 
DIN speeds are marked on lig. 3. If all characteristic curves 
had exactly the same shape, and if all emulsions responded 
in the same way to the prolonged development of the DIN 
system, it would not matter by which method the speed of an 
emulsion were determined, Iwcause there would be a fixed 
relationship between them all. A speed found by one method 
could he converted, by a simple calculation, into a corres- 
ponding speed on either of the other systems. 

In fact this desirable simplicity is not attained. Different 
emulsions have curves of different shapes, and they vary in 
particular in the length of the toe, or under-exposure region. 
It is quite evident that if the toe of the solid-line curve in 
lig. 3 were changed to that shown dotted, DIN" and Scheiner 
speeds would rise very considerably while the II &. D speed 
would remain unaltered. 'I' here can thus be no fixed re- 
lationship between the II it D speed of an emulsion anil the 
DIN or Schcincr speed. 

Further, a little consideration will show that, as normal 
development is used in linding the Schcincr speed and pro- 
longed development ill finding the DIN speed, the relation- 
ship between the speeds measured by these two methods will 
tlepend on the emulsion's response to abnormally long develop- 
ment—that is, upon the value of gamma infinity it can attain. 
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There is thus no definite relationship between the speeds 
measured by any two o£ these svstems. 

Nevertheless in practical work it is quite usual, and quite 
satisfactory, to make rough-and-ready conversion of speed 
numbers between the three systems. This is only possible 
because the speed figures used in practice, though called 
H & D, DIN, or Schemer, arc in most cases not measured by 
a sensitometric test carried out in the manner correct for 
the system whose name they bear. Instead, they arc more or 
less arbitrary figures based on the exposure shown by experi- 
ment to be required to give a good negative, it being rather 
vaguely assumed that the exposed film will be given " normal " 
development and subsequently printed on a paper of 
" average " characteristics. 

Mi ninium Useful Gradient 

The most recently-proposed method of speed-determination 
attempts to tidy up the rather unsatisfactory position outlined 
in the last paragraph. The line of approach was to make a 
series of negatives, all receiving different exposures, upon 
each of a number of films with emulsions of types as different 
as could be found ; to make tin.- best possible print from each 
negative, and liud in ea< h case I he- minimum negative, exposure 
necessary to yield a good print. To ensure constancy o£ 
conditions, the negatives were not made by exposure in the 
camera, but by contact printing from a transparency, using a 
light held rigidly constant. 

Next the characteristic curves of all the negative emulsions 
were measured, and these curves were analysed to find some 
characteristic property, or relationship, that varied, over the 
whole range of different emulsion-types, in the same way as 
the speed found by these laborious experiments. It will be 
observed that this approach to the problem for the first time 
provides a method that makes allowance for any correcting 
effect on shadow gradation brought about by the printing 
paper. 

As all practical photographers know, the beginnings of 
under-exposure are made manifest by a falling-olf in contrast 
in the shadow regions of the picture. In terms of the curve, 
this means that the shadows fall on a part of the curve whose 
slope is too low to give adequate contrast. Since the actual 
minimum slope of the part of the characteristic curve used is 
unimportant for print making — for papers of all grades of 
contrast are available— it is not feasible to specify the speed by 
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a measurement of the exposure needed to give any specified 
minimum slope. Rut it might very reasonably be measured 
in terms of the exposure required to give a slope which is a 
specified proportion of the slope elsewhere on the curve. It 
has been proposed (Loyd A. Jones, /. Franklin lust. 227 
(1539). VP- 297-354 and 407-544) to take as a criterion of 
emulsion speed the exposure corresponding to that point on 
the curve at which the slope is three-tenths of the average 
slope over a log-exposure range, beginning at the point in 
question, of 1-5. Jones has shown that this method of 
measurement gives results agreeing exceedingly closely with 
those obtained by the examination of prints made in the 
manner described above, and in fact it is the only one yet 
proposed that has anv close connection with the requirements 
of practical exposure-determination. 

The results of such measurements can be given in the 
guise of H & D, DIN, or Schemer figures, and are of course 
a more scientific and more accurate equivalent of the " practi- 
cal " speed numbers mentioned above under Three Mrf#«#s 
Compared. 

AS. A. 11 ml U.S.I. Speeds 

The method of speed determination based on the minimum 
useful gradient ha* now been officially adopted in principle by 
both the American Standards Association and the liritish 
Standards Institution. A.S.A. speeds are already common in 
America, and B.S.I, speeds mav be expected to become in- 
creasingly frequently met with in Britain in the future. 
Details of a standard method of speed-measurement have been 
agreed upon by both bodies, so producing a s ct of speed- figures 
uniform throughout the English-speaking world. To indicate 
that the speed-figures in question really do show what all 
earlier speed- figures have only purported to show — that is, 
the exposure that the sensitive material requires— the term 
" speed " has been dropped and replaced by " Exposure 
Index ". 

When the speed of an emulsion has been measured by the 
agreed British-American procedure, it can be expressed in any 
one of several ways for practical use. Each of the Standard 
Specifications provides for both an Arithmetical Exposure- 
Index and a Logarithmic Exposure Index. The former 
corresponds to the H & D or Weston system, on which a 
film requiring half the exposure needed by another is allotted 
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a speed -figure twice us hi^h, while the latter corresponds to the 
Scheiner or DIN system, on which a film requiring half tha 
exposure needed by another has :i speed-figure tlirce units 
higher. In America, accustomed to Weston and G.E, speeds, 
the Arithmetical Index is I ike I v to he most used, and the figures 
are so chosen as to fall half-way between the Weston and G.E. 
speeds tn allow them to be used without noticeable error with 
meters of either of these make?;. In Britain, where Scheiner 
speeds have been accepted for many years, the Logarithmic 
Index will probably prove most popular; the actual figure is 
about one unit below the " practical " Sclieincr speed for the 
same film, so thai existing meters sealed in Scheiner degrees 
can he used with the new index. 

Being based on the same speed-test, Arithmetical and 
Logarithmic Indices are strictly interchangeable; their exact 
relationship to one another, and their approximate relation- 
ship to the " practical " Scheiner speeds, are shown in the 
following table. For conversions into other systems, see 
Coffi'ersimis between the Older Systrms below. 

A.S.A. (or B.S.1,1 B.S.I . for A.S. A . ) 

Arithmetical Logarithmic Scheiner 

Exposure 1 udex Exposure Index (practical) 

i- -SJ *3 

■t-5 H 

3-: 26 ^7 

40 1- 2S 

£e >3 it) 

>l) 30 

So 30 31 

TOO }T |[3 

1*5 3* 33 

160 33 34 

m 3A 35 

Conversions !><■!;, tfft Older Systems 

Though, as we have seen, there is no possibility of accurate 
conversion between true Scheiner, DIX, and H & D speeds, 
" practical " speed numbers expressed m these various systems, 
such for example as the speed-numbers on the scales of ex- 
posure meters, can be converted into one another. The 
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conversion is largely conventional, nut) is nt bes1 very approxi- 
mate, but fur use with exposure- meters the following con- 
version table will in mast cases In- found about right. 
Fcheiuer DIN 11 & H Weston G.E. B. & W. 
15 5/10 ijo 2 j! ] 

18 8/ in 250 J 5 I 

21 11/10 500 S 10 I 

24 i-f/io 1000 16 20 |<j 

J7 I7/IO 2000 32 40 ^ 

30 20/10 4000 64 So £ 

33 33/10 8000 T23 160 (S» 

The purely conventional basis of tljcsc conversions is 
emphasized by the fact that an II & D figure quoted by a 
Continental inauufactuivr is usually about three times that 
which would be allotted to the same emulsion in this country. 
Also the Schemer numbers used in America are live to six 
units lower than those used in England, or in Europe generally. 

Fet : Further Study 
There an: at present no good introductory books on sensi- 
tometry, but .1 clear exposition of the fundamental principles 
will Ijc found in Perfect Negatives, by Wakefield and Glover 
(Fountain Press), Those who read French should obtain 
Miiuucl de Sensiloinitrir, by Lobel and Dubois (Paris : Paul 
Montcl). The latest advances, in theory and equipment, are 
fully discussed in The. Jhenrv of the Photographic Process, by 
C. P., K. Mees. 

Variation of Gamma to Compensate jot- Contrast of Subject. 

For constant difference between highest and lowest densities, 
in a series of negatives in which maximum and minimum 
exposures bear different ratios to one another, each negative 
must be individually developed to a gamma inversely pro- 
portional to the logarithm of the ratio of maximum to minimum 
exposure. A set of negatives with development carried out 
according to this rule would all yield full-scale prints, running 
from brilliant (but not blank) high lights to full (but not 
blocked-up) shadows, on the same grade of paper, no matter 
how great or small the original contrast of the subject might 
have been. 

Sepia Paper. A11 iron-silver process akin to kallitvpr- 
ftf.cj, of which it may be regarded as a simple Una, It is 
mainly used for making paper negatives from engineers' 
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tlr:i\vini;s, blue prints being made in turn from these-. The 
process may, however, also Be used fur making ordinary prints, 
nml is particularly valuable for Hit- local sen-irising uf menus, 
Christmas cards, and the like that arc to have a design or 
photograph reproduced upon them. 

The following mixture may be used to sensitise writing paper, 
Bristol board, and other such surfaces. 



To £?., add ammonia drop by drop till the precipitate first 
formed disappears. At this stage the solution should not smell 
of ammonia ; if it does, add a dilute solution of citric or sul- 
phuric acid drop by drop till the smell just vanishes. Mix A and 
IS in weak artificial light, and keep in the dark. 

Apply, either as it stands or with the addition of a little 
freshly made arrowroot or starch paste, with a brush (which 
must have no metal parts) to the surface to be sensitised. This 
must be done in weal; artificial light ; leave to dry in the dark. 
The prepared paper will keep for several days. 

Print by bright daylight until the image is a little stronger 
than will finally be required, then fix in 4 per cent, hypo con- 
taining also 1 to 2 per cent, of anhydrous sodium sulphite ('i 
to 4 per cent, of crystals). After 5 minutes fixing, wash thor- 
oughly and dry. The sepia tone may be modified, if desired, by 
toning with gold. (See Toning ; and refer also to KallitvI'E.) 

Sepia Toning. See Toning. 

Shellac. See Lac, and Varnish. 

Short Stop. American term for "stop-bath " {q.v.). 

Shutter. An automatic device that allows light from the 
lens to act on the scusitive emulsion for a predetermined 
period to make the exposure. At the present time there are 
only two types of shutter in general use ; the betwecn-leus 
or diaphragm shutter such as the Compur, and the focal-plane 
shutter. 

The diaphragm shutter consists of a body, usually circular in 
outline, through the centre of which there is a circular opening 
equal in diameter to the lens. The two component parts of 
the lens, consisting of glasses or combinations of glasses 




. Ferric ammonium citrate 
(green) 



Water to 
B. Silver nitrate , 

Water to . 61 



10 gms. (SS pjr,) 
too c.c. (a oz.) 
i .lgms. (132 gr.) 



60 to So c.c. (g\ to 13 dr.) 
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mounted in metal cells, arc screwed over front and back of the 
opening, so that the shutter-body takes the place of the usual 
tubular lens- mount. Besides the iris diaphragm, the space 
hetween the two halves of the lens contains the shutter-blades, 
thin leaves of metal overlapping so as to close the central 
opening. These are so pivoted as to turn, back into the outer 
casing when the shutter is operated, so that the shutter opens 
from and closes to the centre of the lens. 

In the simplest types only two blades arc used, and the 
spring that drives the shutter is compressed as the release-lever 
is depressed. Simre no separate "setting 7 ' or "cocking" 
action is needed, these shutters are often described as 
" cverset." They generally have a limited range of speeds, 




Principle of operation of between -lert-i shutter. 

A cforfwi'sf re.',! I ton of tkt nnfl brin;s thi Ji.to.-s (uks sillv ihumi lor cj.-jrii(is) 
into ike "claui" position, tslulc a {auitlrr-rtackxiit ml.ifiuri brings linn into 
tht "optn'* position. 



these often depending on nothing more than variations in the 
tension of the driving- spring, and they begin to close the 
instant they are fully open. 

More elaborate shutters have two distinct movements for 
opening and closing, each of which acts takes place in the 
shortest possible time. For the highest speed there is no 
interval between the completion of opening and the beginning 
of closing, but for all lower speeds a clockwork brake is brought 
into action to dclav the commencement of closing. There is 
thus a definite period, increasing as the speed is made slower, 
during which the shutter is held fully open, A shutter such 
as this may be speeded from i sec. to i/5ooth of a sec., with an 
efficiency varying from practically roo per cent, at the slowest 
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speed to a little under 50 per rent, at the fastest. Higher 
efficiency is, of course, obtained if the shutter opening is larger 
than the lens opening, its it is' when the lens is stopped clown. 
Power for opera ting this complex mechanism is derived from 
a spring, which has to he tensioned before each exposure by 
means of a setting lever. The pressure required to release 
the shutter is usually very light. 

Focal plant shutters are so named because they work near 
the focal plane. An opaque blind, in which there is an opening 
or slit, is wound by springs from one roller to another across 
the sensitive surface. Exposure is determined by the width 
of the slit and the rapidity of its passage. Modern shutters 
are in most cases self-capping, by which is meant that the slit 
is covered as the shutter is wound up ready for the exposure ; 
it is therefore not necessary to " cap " or cover the lens to 
prevent fogging the film. Variable si it- width is obtained by 
using two blinds, the relative position of which is controlled 
by the speed-adjusting mechanism. 

The focal- plane shutter has the valuable feature that by 
using a narrow slit the exposure may be made very short 
( 1 /5,000th of a sec. lias been achieved in a practical camera) 
while so long as the slit is very close to the film the efficiency 
remains extremely high. If the slit is far from the film the 
. efficiency at high speeds is, on the contrary, very low ; in 
some cameras the film -to -shutter distance is far too large to 
justify claims for any but the most modest efficiency. 

The focal-plane shutter has the special advantage that as 
it is in no way concerned with the lens, any camera fitted with 
it can quite readily be equipped to take interchangeable 
lenses of different focal lengths. Further, it lends itself to 
the type of design in which the shutter is wound, and the film 
advanced, by a single action, and has until recently been the 
only type of shutter which provided the convenience of a 
comfortably accessible release on the body of the camera. 

To set against these merits, the fact that it exposes the fdm 
piecemeal involves distortion when a moving object is photo- 
graphed ; the familiar oval wheels of a racing car are a typical 
example. If the image is moving from right to left over the 
film, then a blintl travelling also from right to left will elongate 
the image in the direction of its motion, one travelling from 
left to right will shorten it. a blind travelling down will incline 
the image forwards, and one travelling up will incline it back- 
wards, (The image is upside down.) The higher the velocity 
of the blind the less the distortion ; where slit-width and spring- 

5*5 



Shutter 



tension arc independently adjustable, the highest tension 
should always be used for moving objects. 

Older focal plane cameras often had this separate adjustment 
of slit and tension, the speed corresponding to nnv combination 
of the two being read off from an engraved table attached to 
the camera, fn most of these tables the effect of spring- 
tension was grossly over- rated ; it is rare for a change from the 
lowest to the highest tension even to double the speed obtained. 
A rough approximation to true shutter speeds on such cameras 
> may be had by reckoning that a slit 25 mm., or 1 inch, wide 
gives an exposure of i/ooth see., at the lowest tension and 
1 /90th see., at the highest. For slits of other widths, the 
effective exposure (light action on plate) is proportional to 
slit -width. 

The blinds of a focal-plane shutter are usually of rubberized 
cloth, and 111 time ttie rubber perishes, leaving pinholes that 
allow light to reach, and fog, the plate before or after exposure. 
These pinholes, if not too bad, can be filled in by treating the 
blind with any opaque and flexible paint. Rubber solution 
into which lamp-black has been worked, or the black rubberv 
composition used for fixing rubber soles to shoes, will often be 
found effective. The following has also been recommended : — 

Artists lamp-black powder . . 1 part by volume 



Stir well before use, and keep in a well corked bottle in n euol 
place. Dries quickly with matt black surface. 

IJrush rapidly over the fabric side of the blind, using an 
artist's round brush of suitable size. Speed in applying is 
essential, and do not go over the same surface twice with the 
brush. 

in many cases, however, it will be found necessary to fit 
new blinds, which is a fairly simple matter. 

Time and Hulb. — In addition to giving a range of auto- 
matically-controlled speeds, every shutter is so made that it 
can be opened for an indefinite period. This is required for 
prolonged exposures on interiors, ami also for viewing the image 
on a focusing screen if one is used. At the setting marked 
" T " or " Z " a shutter opens at one pressure on the release, 
and remains open till this is pressed a second time. At the 
setting marked " D," pressure on the release opens it. but it- 
closes again as soon as the pressure ceases. Modern cameras 



Flexile collodion 
Ether 




4 parts by volume 



Shutter Efficiency 

in which the release, after once being depressed, is locked 
until the film lias been wound on, arc often not fitted with a 
" 1" " setting for the shutter ; in these cases the shutter can 
be held open for prolonged exposures at the " B " setting bv a 
catch engaging the release -trigger and holding it down, or by 
a corresponding device attached to the wire release. 

Older 't ypes of Shutter. 

The Roller-Blind Shutter. — Of older shutters, the only one still 
used to any extent is the roller-blind shutter, which still finds a 
place on stand cameras. It consists of a blind, with a fixed 
aperture, built into a wooden casing fitted cither behind or in 
front of the lens. By varving Lhe tension, speeds nominally 
ranging from 1/15II1 to i/ijolh of a sec, can be obtained. For 
longer exposures, a" Time-valve " on the pneumatic Tclcasc 
(q.v.) can give a range from i/Sth of a sec. t^ 1 sec. or more by 
controlling the rate of leakage of air from the release. 

The Jifop Shatter, now obsolete, was similar in principle to 
the roller-blind shutter, but in this a piece of wood or metal, 
falling either by its own weight or accelerated by rubber 
bands, tool; the place of the blind. 

The Rotary Shutter, a metal plate with an opening in it that 
is so mounted as to rotate across the front of the lens, is still 
used in some inexpensive box-form cameras. 

The Foreground Shutter, situated in front of the lens, con- 
sisted of a hinged llap that opened upwards and closed down- 
wards, so giving the foreground more exposure than the sky. 
It was generally opened by pressure on a bulb, and closed by 
release of that pressure, and so would give no exposure shorter 
than about i/Sth of a sec. 

The Flop Shatter was similar to the foreground shutter, but 
often consisted of two flaps opening outwards to give even 
exposure to all parts of the imago. 

Shutter Eltlcicney. A diaphragm shutter of any type 
takes some more or less definite time to achieve full opening, 
during which time the lens is effectively stopped down. The 
same effect recurs as the shutter closes. 

If such a shutter is so set as to give a total exposure of 
i/iooth of a sec. (measured from beginning of opening to finish 
of closing) the amount of light reaching the film will be 
appreciably less than if the shutter had opened inst;int;mi'<)iisly, 
remained fully open for i/iooth of a sec. and closed again in- 
stantaneously. The amount of light passed during the 
exposure, expressed as percentage of the amount that would 
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have been passed bv a theoretically perfect instrument 
(instantaneous opening and closing), is called the efficiency of 
the shutter. 

The question of efficiency arises in its most acute form when 
the photography of moving objects is attempted. If the 
object is brightly lighted , it will leave a trace on the film 
during all parts of the total exposure time, including that for 
which the lens is only partly open. If the total time of 
exposure is 1/ tooth of a sec, and the efficiency of the shutter 
at that setting is 50 per cent., the amount of movement shown 
on the film will be that corresponding to i /100th of a sec. ex- 
posure, but the amount of light-action will lie only that corre- 
sponding to an exposure of 1 /200th of a sec. An inefficient 
shutter thus accentuates the ever-present difficulty of com- 
bining adequate light-action on the film with a shutter-speed 
fast enough to arrest motion. 

In the case of any gear-controlled shutter that opens 
rapidly, stays open for a period, and then closes rapidly, the 
efficiency may be assumed to vary from practically 100 per 
cent, for exposures of 1 sec. to approximately 50 per cent, at 
its highest speed. 

Efficiencies less than 100 per cent, are not peculiar to the 
diaphragm shutter. If the slit of a focal-plane shutter were 
actually in contact with the sensitive surface, it would have 
an efficiency of too per cent, at all speeds. In practice, 
however, the slit is often some way from the film or plate — 
especially in plate cameras built of wood and fitted with a 
revolving back — with the result that on the higher speeds the 
efficiency may be very low. This arises owing to the blurring 
of the shadow thrown by the edge of the slit, so that as the slit 
reaches any point on the plate the latter passes only slowly — 
not instantaneously — from darkness to light, and vice versa 
as the slit passes away again. 

The numerical value of the efficiency can be found very 
readily by simple measurement of the slit -width a and film-to- 
blind distance d, and is given by the formula : — 

Efficiency = JJ,,where = //number oflens-aperture. 

For example, a shutter used with an fly 5 lens, set to a slit- 
width of in., and operating t in. from the film, will have an 
efficiency of — 

A x 3-5 = °-35 = a ., G OI , G ccat _ 
Wr. x 3-5) +1 i-35 



Shutter Releases 



Shutter Speed Testing 



If, as is probable, this narrow slit corresponds with an 
exposure marked as i /i.oooth of a sec, there is not unnaturally 
some doubt as to what the marked figure really means. In 
most cases it should be interpreted as meaning that the 
quantity of light reaching the film will be equal to that passed 
in i 'i.oooth .second by a theoretically perfect shutter. The 
total time of opening, from the moment when a point on the 
plate tirst begins to receive light until the moment when it is 
again in complete darkness, will therefore be i/^ooth of a sec. 
in the case under discussion. 

Shutter Releases. In most modern cameras a plunger 
release on the body of the camera is used, this either acting 
direct on a focal -plane shutter or by means of a more or less 
complicated mechanical linkage on the trigger of a diaphragm 
shutter. Where the camera is to be used on a stand, and so 
cannot be touched to release the shutter, a wire release is used. 
This consists of a steel wire inside a fabric casing ; the latter 
is screwed to the shutter, and on pressing a plunger the wire 
is pushed through the casing, so operating the shutter. (See 
also Pneumatic Ruleasr, Delayed Action-.) 

Shutter Speed Testing. To determine the speeds of a 
shutter an object moving at a known speed is photographed, 
and the displacement of the image on the negative is measured. 
It is generally most conyenient to use a rotating object ; 
bicycle wheels, gramophone turn-tables, and synchronous 
electric motors (as in a synchronous electric clock) have all 
been used, ft is usually best to affix a small convex mirror, 
or a silvered ball of the kind used for decorating a Christmas 
tree, to the rim of the rotating disc ; by working in direct sun- 
light 1 1 lis reflects a point of light sufficiently brilliant to record 
distinctly on the negative. If, for example, the rotation is at 
the rate of five revolutions per sec, and the negative shows a 
blurred image covering an angle of 30°, the total exposure-time 
was i/6oth of a sec. {30° is i/i2tli of a circle, and a complete 
circle is made in 1/5H1 sec. ; exposure was therefore t/i2th of 
1 /5th, or 1 /60th of a sec.) 

Another method is to focus a point source of light on the 
edge of a wheel (gramophone turn-table, etc.) and to place the 
shutter where it can intercept the beam. In a darkened room, 
wrap a long strip of bromide paper round the wheel, set it 
rotating at a known speed, and release the shutter. The 
length of t he trace of light 011 the developed paper shows the 
duration of the exposure. 
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Silhouettes, Photographic Silk, Printing on 

Except by a falling-oil of brilliance towards the end of the 
trace left by the moving point of light, no indication of shutter 
efficiency is given by either of these tests. 

Those concerned with the research and development work 
involved in designing a shutter use much inure elaborate 
methods, involving a vacuum photocell to receive the light 
passed by the shutter ami a cli til. ji Ii: my uscillograph as an 
indicator. By this means a curve showing the light passed by 
the shutter at every instant during the time it is open is 
automatically and instantaneously produced. For details 
of such an equipment, see Pfiotittgmpkk Journal, Sect. B, 
Fept.-Oct., 1946. 

Silhouettes, Photographic. The sitter is placed against 
a thin white screen, such as a sheet strongly illuminated from 
behind ; an cNcellent plan being to stretch the screen over 
the doorway of a passage 111 which the camera is placed. The 
following points should be observed : — 

1, No light should cuter the room by other windows or doors 
than the one under operation. 

'&■ There should be no objects outside this window or door 
close enough to cast a shadow. 

3. The sitter's head should be focused as sharply as possible 
so as to present the appearance of a silhouetted profile on the 
screen, 

4. The exposure should be too short to give any detail at all 
on the shadow side of the sitter, and development should be 
prolonged to give maximum contrast. If exposure lias been 
cul. loo line, tile negative ma\ be intensified Lo l;iv<'. lioieut 
contrast. 

For work at night, either electric light or flashlight is con- 
venient. In the latter case, since the light is behind the 
sheet, no smoke enters the room, and a series of silhouettes 
can be taken ia rapid succession. (See Flashlight.) 

SilU, Printing on. Many photographic processes are 
applicable to sill: ami other textiles; for example, the direct 
cyanotypc process (see Cy/ixoxypj:), and practically all silver 
processes which do not involve the use of a definite colloid 
coating or film, although a trace of gelatine us a sizing agent 
is often useful. The following is applicable to silk, muslin, 
linen, or canvas :— 

Water 10 ozs, (500 c.c.) 

Common salt. . . . 100 grs. [11 -5 gms.J 
Gelatine . . . . 20 „ (3.3 gms.) 
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Dissolve with heat and uniformly moisten the textile, which 
may be conveniently stretched on a frame. When dry, 
moisten with a 9 per cent, solution of silver nitrate. The 
material being once more dry is ready for printing. Toning 
and fixing as for prints on albunieniscd paper, (See Toning.) 

For making enlargements on canvas see Canvas, and for 
dyeing processes on textiles see Diazotypl. (See also Carhon 
Process.) 

Silver Bromide (Fr,, Bromurc d'ltrgcat ; Ital., Brottiuro 
il'urgciito ; Ger.. BtO)USill)(r,) AgBr — liiti. Is darkened to a 
tawny grey by tlic prolonged action of light, with evolution of 
bromine. It is practically insoluble in water, alcohol, and 
ether, but soluble in solutions of alkaline thiosulphates, evan- 
ides, thiocyanates, ammonia (about 1 : 1000), and saturated 
solutions of most chlorides, bromides, and iodides. Silver 
bromide, either alone or mixed with iodide and chloride, is the 
usual sensitive salt in emulsions. 

Silver Chloride (Fr., Chlorine d' argent ; Ital., C/ihnuo 
d'argento ; Gcr., Chlorsilbcr, Silbcrchlorhi), AgCI ^ 1.(3-5. 
On exposure to light when absolutely pure or dry no Change 
takes place; but with the smallest trace Of organic matter or 
water it passes from white through varying shades of purple 
to lilack, chlorine being disengaged. It is soluble in solutions 
of the same salts as the bromide, and also in ammonia — -a 
double salt, ammotiio-chtoridc of silver, being funned. It is 
used for making laute'rn-plate and gaslight emulsiuns, gelutrno- 
ohloride prin ting-out papers, and is the basis of most home- 
made printing papers. 

Silver Iodide (Fr., loditre d'argeni ; Ital., loduro d'argento ; 
Ger., jodsilbcr, SUbirjodid). AgJ -= -35- insoluble in water 
and dilute nitric acid, almost insoluble in ammonia, but 
soluble in all the other salts which dissolve bromide. When 
prepared bv precipitation from a solution of alkaline iodide 
bv adding silver nitrate, the (ndide being in excess, the precip- 
itate is white, and k» sensitive to ligitt than the yellowish 
precipitate turn led when excess of silver is used. It is used 
for making emulsions, giving increased sensitivity and great 
latitude of exposure with great density of image, and is also 
used in l.lbc wet-cnlludinn prm ess. 

Silver Nitrate (Fr„ Azatale d' argent : Ital.. Azotato d'ar- 
gmto; Ger., Silbcrmtraf). ArNO;, 170. Is prepared I'm; 11 
pure silver by solution in nitric acid and subsequent 
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Sizes, Photographic 



purification and crystallisation. Ordinary commercial nitrate is 
usually very acid, due to its not being absolutely freed from 
nitric "acid"; but that prepared for photographic purposes 
should be almost neutral, or at least show only a faint trace 
of acid. Solubility: no parts are soluble in loo parts of 
distilled water, I in 15 of rectified spirit. When dissolved 
in common water, a thick curdy- white precipitate of car- 
bonate and chloride of silver is formed. Boiling alcohol 
dissolves about ime-fourth of its weight of silver nitrate, 
but deposits it on cooling. It is soluble in ammonia, with the 
formation of a double salt. It is used for sensitising paper, and 
preparing all, or nearly all, the other salts of silver used in photo- 
graphy. When heated it melts and forms, when poured into 
moulds, the " lunar caustic "of commerce ; and when heated 
higher still gives off some oxygon, and a mixture of nitrite 
(AgNO.) and nitrate of silver (AgN0 3 ) is left. When exposed to 
the light, either in solution or in a pure dry state, no action takes 
place"; but on contact with organic matter it darkens through 
purple Lo black. 

Silver Sulphide (Fr., SitffuiL* d'ttrgenl , Ital,, Soljiiro d'ar- 
gaito ; Ger., Schuicjclsilber), Ag = S=J48. This salt is met 
with in residue recovery, and is the resultant salt of the 
decomposition of thiosulphate of silver in prints. The image 
in a sulphide -toned print consists of silver sulphide. 

Silvering Mirrors. See Mirror. 
Single Transfer. See Caruon Process, 

Sizes, Photographic. The sizes used for photographic 
plates and papers are of traditional rather than systematic 
origin, and the best-known of them, whole-plate (8A x 6 A ins.), 
half-plate (6.! ;< .(J ins.), and quarter-plate (.|-J- /. ^\ ins.) are 
very old. A Daguerreotype camera in the Science Museum is 
fitted with carriers for these three sizes, which must therefore 
have been in use for practically a hundred years. 

Even at that early date, the so-called half-plate size {64 X 4$) 
was not the half of a whole-plate, which would be 6A x 
but was widened, doubtless to make a more acceptable shape. 
The original whole-plate being rather square, it naturally cuts 
to give long and narrow halves. 

Most of the other standard sizes— e.g., 10 x S, T2 x 10 — 
are also rather square, which accounts for the wide range of 
sizes in use and their lack of relationship to one another. It 
is worth noting that if the length of a sheet of paper is 1-41 
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times its width, the sams relationship between lone, and short 
sides will be maintained if the paper is halved. That is. the 
two halves will have the same shape as the original sheet 
Except 7 x sins., none of the larger standard sizes approach 
at all closely to this shape, which is that of a 3] x ?\ plate. 

Owing to the fact that it is now quite usual to build cameras 
designed to make a large number of small pictures on a roll 
of film originally intended for a smaller number of larger 
pictures, the compilation of a list of standard negative sizes 
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Pattka ol rull ijlin til owing two sucLcjsLve pfatoa^ uf » «.uiJantl liw-. 
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has become rather complex. The sketches aibove show how 
the space normally occupied on the film by two successive 
large pictures, the longer side of which runs lengthways of the 
strip, is pressed into service to make cither three square 
pictures or four rectangular pictures. 

The three sizes of film most often used in this way at the 
time of writing are 35-mm. cine lilm. giving pictures 
24 36 mm., 24 x 24 mm., and 18 x 24 mm., V.P. film 
for pictures 4x0-5 cms., 4x4 cms., and 3x4 cms., and 
3 J X 2 J (6 x q cms.) film, used also for pictures 6x6 cms. 
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and 4-5 x 6 cms. Some, but not all, of these sixes can also 
lie obtained in other ways ; e.g., there is a liltii directly intended 
for ft x 6 cms. x ins.), and the 4-5 x 6 cms. size is 
that of the standard V.P.-size plate or film-pack. 

The following table gives the current negative sizes up to 
quarter-plate (3! ;: .\] ins.), and indicates in each case the 
negative material used. The. sizes marked with an asterisk 
are in common use; the others are much less often met. 



Cui;uent Negative Sizes, 



Si:?. 

Mrttfc. 








: 24 mm. 




*) 


•24 > 


: 34 mm. 


(r x 


[ ) 


*3 4 > 


; 3 ft mm. 


(i 


[ 1 i 
1 .. 1 


28 ;■ 


: 40 mm. 






•3 X 


-J cm. 




1 11; 


4 X 


4 cm. 




1 ft 


•4 X 


6- 3 cm. 


!' t 




*4'5 


;■; 6 cm. 


f*| > 


: ?« 


•ft x 


ft cm. 


(■U ■ 


: 2{) 


*(6 x 


0 cm,) 


2} X 


3} 


4*5 


X 0 cm. 


tt| > 


: 2±) 


(ft X 


ft cm.) 


2j X 


=1 


*(ft X 


9) 


3] * 


*i 


*m 


X 9) 


3 J X 


£} 




x 11) 




4i 


(*3 


■: 8*3) 


3] 


3i 


X io-S) 




4} 


(8-3 


X 10- 8) 


Si > 


-II 



Ma I a ri :i I I ." i ■:■ S . E xr o:.i3 rt.~ 

pw rallorp;lck. 

(■ Standard 1 Co 

J 35 mm. L 4S 

I cine film J 36 

Koll film No. 828 S 

f V.P. roll ] ift 

i film No. 127 r 12 

L or No. 27 J 8 

r 3i x zi roll I ift 

< film No. 1 20 L 1 2 

t- or No. 020 J 8 
Plates r Film packs 1 2 

Roll film 1 7 ft 

Kim packs 12 

Plates — 

Koll film 16 3 
Lantern plates 

Plates, film packs 12 

Koll Sim 18 ft 



NOTE. — Metric or inch sizes in brackets are nearest con- 
venient equivalent to the true size, which is in all cases that 
shown without brackets. 

Above quarter-plate size roll films are but seldom used ; 
the list that follows gives the more usual sizes of printing 
papers, and both plates and cut films are available, if only to 
order, in all these sizes, There are alsn .1 lew intermediate 
sizes of very minor importance. 

The most commonly-used negative sizes are marked with 
an asterisk. 
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Plates axji Pah-: us. 







[Inch sizes.) 










3!- (P 


ost-card) 


6} ins. 


•1, (h 


nif-plate) 




*s\ x 


6] 




- „ 


10 X 


S 


• * 


. «2; „ 


12 X 


10 


*■ * i 


1 3 nt * * 




12 


* 


f®| 


18 x 


10 


■ • • 


-4 it) " 


20 x 


iG 


* i • 


-58 it 
- 3ii 


24 x 


20 


" • j 



In addition to the above, plates, cut lihns, and papers arc 
sold in a number of centimetre sizes. The following list 
includes all those most frequently used. The g x r. cm. 
size is of special importance, as manv cameras taking this 
size of plate are in use in this country, especially by pressmen. 



Centime the Sizes ok Plates ash Papehs. 



Kizo in run. 




Si; 


w tn Eat; 


Dlifioail In 


4-5 x 


6 


1-77 


x 2-36 


7-3 


0 X 


9 


2«3<5 


x 3-54 


IO-3 


6*5 x 


9 


2-52 


X 3 -54 


III 


9 x 


12 


354 


X 4-72 


15-0 


Jo X 


•| 


3" 94 


x 5-00 


1S0 


12 X 




4-75 


X 6*50 


20- 1 


13 x 


IS 


5*« 


x y-oS 


221 


iS x 


-M 


7-0S 


x 9-44 


301 


24 X 


3" 


9-44 


X n-So 


30-O 


30 x 


40 




X 15'73 


50-0 


40 x 


50 


*5??S 


x iij-73 




50 X 


bo 


73 


x i3M 


X 



Rolls of paper are also obtainable, the most usual si;ces 
being : — 

Bromide nnd Gaslight Papers. — Polls, 10 and 2s ft. Ion" 
15. =0- =5. 3° and 40 ins. wide. 

P.O. P.— Rolls. 25 ft. long and 12 or 25 ins. wide. Also 
sold in sheets 24 1 x 17 ins. and 24 x 20 ins. 

Carbon Tissue. — In " bands," it ft. long and 30 ins. wide, 

595 



Sketch -Portrait 



Skin, Effects of Chemicals on 



Sketch -Portrait. Term applied to a portrait that has been 
finished to resemble a pencil sketch. The original print, usually 
on matt paper, is kept very light, and is often vignetted off to 
give a. pure white surround of large dimensions. Features and 
clothing arc then strengthened as required by pencil work, 
and the background is given several lines or patches of shading 
so disposed and executed as to give the impression of a pencil 
sketch. (See also Drawings from Photographs.) 

Skiagraphy. See Radiography. 

Skin, Effects of Chemicals on. To some extent the effect 
of chemicals on the skin is an individual matter, as the 
finger-tips and nails of some persons seem more easily stained 
than others. Most are immune to metol poisoning, a few 
suffer badlv from the slightest contact. 

Stains. — Pyro and amidol developers are particularly prone 
to stain the lingers, and should be avoided by those who 
value the appearance of their hands, unless they arc prepared 
to wear rubber gloves or finger-stalls. Paraph c nylc ucdi amine 
and Meritol can both cause stains, particularly if their solutions 
are allowed to dry on the fingers. It is said that pyro stains 
can be largely avoided if the fingers arc dipped in citric acid 
solution (5 to 10 per cent.) each time they have been wetted 
with pyro. M.Q. developer can be used freely without any 
danger of stains provided the fingers aTe rinsed frequently. 
A crystal of citric acid, or a slice of lemon, is quite effective 
in removing pyro stains, anil pumice may also be used. 

Metol Poisoning. — The action of mctol on the fingers of 
those few who are susceptible to it results in cracked skin, while 
the fingers swell till the nails and tips are broken, and spreading 
sores may follow in other parts of the hand. The effect is 
said to be due to the presence in the metol of traces of di- 
methvlparaphenylcnediamine as an impurity, and the recog- 
nition of this fact has led to. vast improvement in the processes 
used for purifying metol. Poisoning from metol is nowadays 
very rarely met. 

Those affected should soak the hands in warm water at 
night, and rub in the following ointment two or three times 
dailv. It should he well rubbed in before retiring for the night. 



Vaseline 




1 part, 
3 parts. 
-1 

3 >• 
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This will ease the sores and effect a. rapid cure provided 
metol is not touched again in the meantime. It will be found 
that paraminophenol, which does not cause skin trouble, 
can be used with fair satisfaction in place of metol. {See 
Development and Fine-Grain Development.) 

Bichromate Poisoning affects some persons, and is par- 
ticularly liable to occur if there are any scratches or cuts on 
the hands. If the lingers itch after being in bichromate 
solutions, do not scratch them, but apply a soothing ointment, 
or use the following lotion ; — 

Glycerine t parts. 

Carbolic acid . . . . . t part. 
Alcohol , . . . . .40 parts. 

If the skin cracks and gets sore, an ointment containing 
mercury nitrate may be used. 

Bichromate stains mav be removed by application of dilute 
ammonia, followed by washing in warm water and soap. 

General. — It should always be borne in mind that though 
the number of photographic chemicals liable to affect the 
sound skin, even of susceptible persons, is small, many 
chemicals may do damage if allowed to come into contact 
with cuts, sores, or abrasions. 

The first anil must essential preventive of skin trouble (and 
indeed of many photographic troubles too) is never to dry 
lingers wet with solution on a towel, but always to rinse the 
solution away under the tap first. 

Sky- Shade. A flat piece of metal or wood that can be placed 
at an angle above the lens to shade it from excessive light from 
the sky. Most often found on reflex cameras, where it is usually 
hinged to the lens panel, and can be closed down over the lens 
to protect it when the camera is not in use. It is a primitive 
form of Icns-hoori {q. v.). Sec also Reflection's in Lenses. 

Snapshot Photography, See Moving Objects, Photo- 
graphy of, also Hand-Camera Work and Shutters. 

Sodium Acetate (Fr., Actuate de soutle ; ItaL, Acctato di 
soda : Ger., Essigsmtrcs Natron, Natriitmacetnt). NaC.ht 3 0„, 
^H.jO --ijfi. Can he prepared by neutralising acetic acid 
with sodium carbonate or hydroxide. Solubility : 68 parts of 
crystals dissolve in 100 parts of cold water, 1 in 1 of hot water ; 
soluble also in alcohol. It is a slightly alkaline salt, and is used 
principally in toning. 

Sodium Biborate. See Borax. 



Sodium Bicarbonate 



Sodium Bisulphite I>yc 



Sodium Bicarbonate (Fr., Bicarbonate de somh ; Ital., Bicar- 
bonate tli soda ; Ger., Natriambicarbonat, DoppcUfioMensivtrcs 
Matron). N;iIirO,, = S.). Synonyms: Acid Carbonate of 
Soda, Sodium tlyorogcn Carbonate. Is prepared by passing 
carl ion dioxide into sodium carbonate moistened with water. 
Solubility : I in 14 of water ; insoluble in alcohol. It is used 
for toning. It is invariably met with in commerce as a line 
impalpable powder, and should not be confounded with the 
carbonate, which is frequently met with in crystals. 

Sodium Bisulphate. (Fr. Bisulphutc dc sonde ; Tlal., 
Bisatfatodi soda : Ger., Xtttriwubisutfnt). KaHSOi H.O = 13K. 
Sytiom ius : Sodium hydrop.cn sulphate. Acid sulphate of 
BOda, * 100 parts of water dissolve 25 or more parts of the 
crystals,- giving a solution indistinguishable from one con- 
taining equal (tnulccular] parts of neutral sodium sulphate 
(Glauber's salt) and sulphuric acid. Sodium bisulphate 
may thus be used, if the presence of sodium sulphate is harm- 
less, as a purer, more readily weighed, and more convenient 
equivalent of sulphuric nciil ; '2 -K2 parts by weight equal 1 part 
bv weight of the pure acid. It is frequently used in this 
capacity in prepared acid hardeners and hardening fixers 
issued to powder form in packets or tins. For further details, 
see Photographic Journal, Jan. !<i |2. 

Sodium Bisulphite (Fr., Bi$:;lftte de- sonde ; Ger., Satires 
Schwcjlrgstuirrs Natron, Ntilriiimbisulfil). Synonym : Acid 
Sulphite of Soda. NaHS0 3 = io.f. Occurs in fine white 
crystals. Obtained by passing sulphur dioxide through a 
solution of sodium carbonate. Used in making acid fixing 
baths i'l-v.). If more convenient, each 100 parts of sodium 
bisulphite may be replaced in all usual applications by 107 parts 
of potassium me tab i sulphite (ry.r.). 

Sodtum Bisulphite Lyc. A commercial concentrated solu- 
tion, of specific gravity 1 . 32 at Co" F., containing about 45 per 
cent, of sodium bisulphite. This solution should be diluted to 
half strength and tightly corked ; it may then be relied upon to 
keep well. A solution equivalent to the half-streng! h lye may be 
prepared by dissolving i)\ oz, (275 gms.) of anhydrous sodium 
sulphite in about 35 oz. (700 c.c.) of cold water, and adding 
to the solution 3! oz. by weight or about 16 fluid drams by 
volume (105 gms. or 36 c.c.) of sulphuric acid previously 
diluted to about 5 oz. (150 c.c.) and cooled. Stir continually 
during the addition, and finally add water to make 35 oz. 
(1,000 c.c.) 
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Each ounce of this half-strength lye contains the equivalent 
of ahout ioo grains of sodium bisulphite (230 gms. per litre), 
and each ounce may be replaced, if more convenient, by 107 
grains of potassium me ta bisulphite (245 gms. of this may 
replace 1 litre of the half-strength lye). 

The lye is chiefly used for the acidification of fixing baths (1 
part of half-strength lye to every ten parts of plain hypo 
solution) and in connection with acid amidol developers. 

Sodium Borate, See Borax, 

Sodium. Carbonate (Fr., Carbonate, dc sonde ; Ital., Ctubonato 
di soda ; Civr,, Kohleiist'i-res Natron, Natriuviearhonat, 
Soda). Na.COj.ioH.O =286. Synonyms: Washing Soda, 
Sal Soda, Soda Crystals, Carbonate of Soda. This is prepared 
by several methods, which depend upon the decomposition 
of salt primarily. Solubility : 34 parts of crystals dissolve 
in 100 parts of water at 5°° or T20 parts in 100 of boiling 
water, insoluble in alcohol, and ijS per cent, in glycerine. 
Heat has no effect upon it, except to drive off the water of 
crystallisation. The salt is obtainable in pure form either as tiie 
decahydrate (crystals with ten molecules of water of crystallisa- 
tion) or in the anhydrous state. The two are interchangeable 
in tite proportions of ioo parts of anhydrous salt to 28 6 parts 
of the crystals. Ordinary washing soda is liable to be very 
impure, and should not be used for photographic purposes. 
Tables giving equivalent quantities of crystalline (decahy- 
drate) and anhydrous sodium carbonate will be found under 
Weights \N'D M]jASUi4i:s. The term " monohydrated sodium 
cart >on ate," of common occurrence in America u formula', refers 
to the monohydrate Xa„ CO a . M-O, which is at present little 
used in this country, roo parts of this are equivalent to 
85 parts of the anhydrous salt. 

Sodium Chloride (Fr., Cldori-.re dc sonde, Chlontre sodique, 
Set de cuisine : Ital., Clornro di sodio. Sale conntne ; Gcr. 
Ghhrnattium, NatriumcUorU, Koch sal;, Ed el sal:). N aCI = 
58-5. Synonyms; Common Salt, Sea Salt, This, the most 
abundant source of sodium, occurs native in very large deposits 
in Cheshire, Galicia, and Eastern Russia, also in sea water, 
which contains about 3 per cent. Solubility : 35 per cent, 
in cold, 30-6 per cent, in hot, water, insoluble in absolute, 
but sparingly soluble in dilute, alcohol, insoluble in ether. 
Ordinary salt is usually contaminated with traces of sodium 
sulphate and magnesium chloride, which make it hygroscopic. 
Salt is used for the production of cold tones on self-toniog 
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papers, as well as for precipitating silver from print washings for 
making gclati no-chloride emulsions, and salting positive papers. 

Sodium Hexametaphosphatc. (XaPO a ) a = 612. Com- 
mercially known as Calgon. Used for softening water. When 
added in small amount to hard water used in the preparation 
of photographic developers and other solutions, it prevents 
the precipitation of calcium salts (as carbonate, etc.) that would 
otherwise occur. The quantity required is from 1 to 4 parts 
per thousand of water, according to the degree of hardness. 
Being almost exactly neutral (pH --- 7-2 in dilute solution), the 
addition does not alter the activity of a developing solution, 
even if of accurately adj usted alkalinity. 

Sodium Hydrosulphitc. See Sodium HYrosuLPiirrn . 

Sodium Hydroxide (Fr., So'idc caitstiyuc ; Ger., Atiznatron). 
NaGTI— 40. Synonyms: Caustic Soda, Sodium Hydrate. 
Used as an accelerator in development. Occurs in white 
sticks in- pellets, is very deliquescent, and should be kept in 
bottles with rubber stoppers. Is poisonous, and should uoi 
be handled too freely or it may burn the skin. See also 
Poisons. 

Sodium Hyposulphite. Na.S.O^HXl = 210. Synonym: 
Sodium hydrosulplute. This is not " hypo," the common 
fixing salt used in photography, the correct chemical name of 
which is sodium thiosulphate Uj.c.) The real hyposulphite is 
only useil In photography in connection with the processing 
of colour or reversal Minis. Lt is one ni the most energetic 
rei hieing agents known. 

Sodium hyposulphite readily picks up oxygen from the air ; 
it must therefore be bought in sealed bottles, solutions of it 
must only be made up a few* moments before they are required 
for use. and after weighing out the required amount the stock 
bottle must immediately be re-sealed or discarded, 

Sodium Phosphate (Tribasic). Na 3 PO < ioH.O'--344. 
Synon3 r m : Trisodium Phosphate. Made by adding to phos- 
phoric acid 50 per cent, more caustic soda than is required 
for neutralisation, and crvstal Using the solution. Twenty-two 
parts of the crystals dissolve in 100 parts of water at ho° F. 
Used as an alkali in certain developers, chiefly of line-grain 
type. Developers containing it must be made up either with 
distilled water or with water containing sodium hexameta- 
phosphate. 

Sodium Metabisulphite. Na^S-O; — infa. Chiefly used 
in photography as an alternative to potassium metabisulphite 
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(17.1.), whkjl it may be used to replace. 7 parts nf sodium 
mctabisulphite replace 8 parts of the potassium salt. The 
sodium sail is more soluble, cheaper. .1111 1, as generally supplied, 
less pure. 

Sodium Mctaborate. NaBO,. .-. 00. See KoDALK. 

Sodium Sulphate (Fr., SulfaU tic sonde; Ger., Sehwcfcl- 
sttitvcs Nation), Na a S0 1 ,ioH ;! 0=3Ji:. Synonym; Glauber's 
Salt. Occurs in white powdery crystals. It "is occasionally 
added to a developer that is to be used at a high temperature, 
its function being to prevent swelling of the gelatine. 30 parts 
of crystals dissolve in 100 parts of water at Go° F. 

Sodium Sulphide (Fr., Stiff urt tie sonde ; Ger., Natrium, 
sulftd), NajS/jH.O -=240. Synonym: Sulphide of Soda. 
Occurs in white transparent crystals, very deliquescent, and 
possessing an offensive odour, especially "when diluted with 
water. Is used in the sulphide-toning process for bromide 
prints. It should not be kept near dry plates, printing papers, 
or other sensitive materials. Keeps' best in a strong stock 
solution. 

Sodium Sulphite (Fr., Sulfite dc sonde ; Itnl., Sol/ltodi soda ; 
Ger., Schioefiigsastrcs Natron, Xntrinmsiilfti). Na-SOj^H-O 
= 252. Is prepared by passing sulphur dioxide through 
sodium carbonate in concentrated solution. Solubility of the 
crystals : 1 in 3 J of cold water, 1 in i| of hot water ; insoluble 
in alcohol. It is used as a preservative of developers, as it 
absorbs oxygen, and is converted into sulphate. This salt is 
difficult to keep in solution as pure sulphite, but keeps better 
in concentrated solutions than weak ones. It lias also been 
recommended as a fixing agent. The anhydrous sodium 
sulphite dissolves more readily than the crystals, and 1 part 
is equal to 2 parts crystals. {See Di-ivklopmunt.) 

A quick estimate of the purity of a sample of sulphite may 
be made by dissolving 5 grams of it (10 grams if crystal line'] 
in water enough to make 100 e.c. Take " 10 c.c, 
of this and add to it 10 c.c. of 10 per cent, sulphuric acid 
solution. Then run in, slowly, from a burette or small 
measure, a jI per cent, solution of potassium permanganate 
until the permanganate is no longer decolourized and the 
sulphite solution has taken on a faint permanent pi tilt colour. 
The number of c.c. of permanganate needed for this indicates 
the purity of the sulphite ; if 10 c.c. are needed, the sulphite 
was too per cent, pure ; if S c.c, 80 per cent pure, and so 011. 
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Sodium Thlonntimoniute (Fr.. Sulphaautimoniatc d& sonde, 
scl de Schlippe ; Ger., Schlippe'achc Sols.) NajShS^oH-O = 
.[79. Synonyms : Schlippo's salt, sodium sulphantimoniate. 
This is obtained in the form of reddish-ydlow crystals. Is 
used as a darkening agent in sulphide toning, and for in- 
tensifying negatives after mercurial bleaching. (See To.nixg.) 

Sodium. Thiosulphate. Xa s S s O,,sH s O — 24S. So named 
because it lias the constitution of a sulphate in which one 
atom of oxygen is replaced by sulphur (Greek fiiioi- 
sulphur) ; it consequently retains, slightly modilied, many 
of the characteristics of a sulphate. Sodium sulphite to which 
air has access is slowly converted into sodium sulphate by 
taking on oxygen ; if sulphur is provided in place of oxygen, 
sodium thiosulphate is formed. Com in ere i a lly, sodium tbiosnl- 
phate is made by treating tank waste, or calcium sulphite. 
One part of crystals will dissolve in less than 2 parts of cold 
water ; the crystals melt at 119 0 F., above which temperature 
they are miscible with water in all proportions. 

To photographers, sodium thiosulphate is universally known 
as " hypo," and it is used to dissolve out from a developed 
negative or print the sensitive silver salts that have not been 
used to form the actual image. This it does by converting 
them into a double thiosulphate of silver and sodium 
(AgjSjO^Na.SXJg) which is readily soluble in water. Owing 
to the fact that this destroys any remaining sensitivity to 
light, the process is known as " fixing." It is to be noticed 
that the conversion is not complete unless two conditions are 
fulfilled ; an excess of hypo must be present, and the fixing 
solution must lie free from dissolved silver. The implications 
of tins are discussed under Fixing (i/.v.). 

Soft Focus. Term applied to an image the outlines of which 
are not completely sharp. It is generally considered that the 
most pleasing soft-focus effects are obtained by superposing 
a diffused image upon a more sharply- defined one, this giving 
a kind of " halo " round the lights. The effect described can 
be obtained by using a special lens (see Sorr Focus Li;*s), or 
by placing a diffusion disc {q,r,} over a normal lens at the time 
of taking the photograph. 

It should be noted that the use of a diffusion disc or its 
equivalent (chiffon, tulle, etc) over the lens of the cnlarger 
is not equivalent to a soft-focus effect introduced at the time 
of making the negative. In the latter case, the lights tend to 
spread into the shadows, which is acceptable as being an effect 
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often seen by the eye ; diffusion during enlarging, on the other 
hand, results in the shadows spreading into the lights. 

Soft Focus Lens. A special form of large -aperture lens, 
designed to give an eifect of the type described under Soft 
Focus (q.v.). This can be achieved bv any lens which suffers 
from spherical .aberration, in which case the amount of 
diffusion overlaying the basic sharp image can be controlled 
by suitably-designed diaphragms. For portrait work, a fixed- 
focus telephoto lens with the separation between its com- 
ponents decreased from that intended by the designers often 
very satisfactory. If general softness of outline, without the 
" core " of sharp definition, is required, very good results 
can be had from an ordinary achromatic single fens opened out 
to about /IS, or wider, according to the degree of softness 
required. (See Lkns and Djffusiox Disc.) 

Solar! sntlon. Sec Fucvkhsai.. 

Solutions and Solubility. A solution may be described, for 
photographic purposes, as a homogeneous liquid containing two 
or more distinct substances. In most cases the solvent in which 
the remaining substances are dissolved is water, but other 
solvents are also used on occasion — e.g., celluloid varnish is a 
solution of celluloid in the organic liquid amyl acetate. 

In general, the attainable strength of a solution has a natural 
limit set to it by the solubility of the dissolved subsianee ; at 
ordinary room-temperature 100 parts of water will dissolve 
some 36 parts of common salt to give a clear solution, but if 
more salt is added it remains undissolved. The solution is then 
said to be "saturated," and the solubility of common salt 
is expressed by the figure 3 6. 

It is usual to find that as the temperature of the solution is 
raised it will dissolve more of the substance, but the increase 
of solubility depends on the substance concerned. A hundred 
parts of water at freezing-point will dissolve 35.5 parts of 
common salt, while the same amount of boiling water will 
dissolve 39.2 parts. This increase is exceptionally small; 
corresponding figures for crvstalhnu sodium sulphate (Glauber's 
salt) are 10 . 7 parts at freezing-point and y 7 parts at the boiling- 
point of water. 

The greater solubility at higher temperatures, combined 
with the accelerating eflect on the process of solution, makes 
it desirable to prepare all photo-rap hie solutions with warm 
or hot water unless there is good reason to the contrary. 
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It is not passible to prepare a solution more concentrated 
than the normal saturated solution by boiling up water 
dissolving large amounts of the solid in it, for the excess it* 
thrown out of solution on cooling. Tins process is known as 
■ crystallising out," and is used by the chemist as a means of 
purifying chemicals. 

The photographer with a cold dark-TOom needs to be on hk 
guard against this phenomenon ; a saturated solution prepared 
in summer will deposit crystals as soon as the temperature of 
the dark-room falls. As the concentration of a saturated 
solution depends on temperature, it is evidently unsatis- 
factory to specify such a solution in a formula, as is sometimes 
done. ' In preparing a stock solution, care should be taken to 
allow for a possible fall in temperature, and the concentration 
should not exceed that corresponding to a saturated solution 
at the lowest temperature the dark-room is likely to reach. 

SOLL'UtLITIES OF PlIOTOGllAI'HIC CHEMICALS. 

In the following table of solubilities, the solubility given in 
the first column refers to the temperature of melting ice ; 
any stock solution of concentration not higher than that 
given, may, therefore, be relied upon not to crystallise out in 
even the coldest weather. Figures in brackets are estimated 
from available solubility-data referring to slightly higher 
temperatures ; those not enclosed in brackets arc exact. The 
remainder of the table is self-explanatory. 

In all cases solubility is expressed as the number of parts 
by weight of the anhydrous chemical that will dissolve in loo 
parts of water at the temperature named. The following 
abbreviations are used : — 

s.s. = slightly soluble. 

s. = soluble, 

v.s. — very soluble, 

m. = miscible. 

dec. — decomposed. 

To make this table as complete as possible, a number of 
sources has been consulted, and in each case the figures actually- 
found have been used without change. This accounts for the 
fact that solubilities of different substances are given at 
different temperatures. 

For questions concerning water of crystallisation, reference 
should be made to Equivalence, Chemical. 
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Solutions, Making up 

Conversion of the solubilities in these tables to find the corre- 
sponding weight of a hydrate can. usually be avoided by refer- 
ence to the article on the substance under consideration, where 
the solubilities of forms containing water of crystallisation 
are given. 

Special attention is drawn to the separate table of the 
solubilities of current developing agents. 



Solutions, Making up. The photographer deciding to 
make up his uwn solutions in place of depending on ready- 
weighed packet chemicals will require a small pair of scales 
and a measure or two. Much time, temper, and unnecessary 
arithmetic will be saved if his weights are in grams and his 
measures marked in cubic centimetres or millilitrcs. A small 
pair of scales, sensitive to o- 1 gin. (about i gr.lean be obtained, 
complete with weights, lor a few shillings, In general these 
scales will not accommodate more than some to gms. (about 
.', oz.) of a chemical at one time ; it is convenient to supple- 
ment them by a simple letterscale weighing up to about 
too gms. (some 4 ozs.). 

As extra equipment, two or three glass beakers, or even glass 
jugs, are a great convenience. In buying these, remem bet- 
that it is only into vessels of Ihin glass that hot water can be 
poured without risk of cracking. A glass funnel and a supply 
of cotton- wool for filtering are also often desirable, as is a 
stirring rod or a wide strip of fairly thick glass. 

In buying chemicals some care is needed. In many cases a 
considerable reduction in price is obtained by buying a fair 
amount at one time ; there will be no saving in doing so, 
however, if the material is used up so slowly that half has to be 
thrown away through deterioration on the shelf. With most 
substances, as ordinarily stored, maximum economy is ob- 
tained by buying about a year's supply at one time. 

Sodium carbonate and sodium sulphite are much-used 
substances, particularly the latter ; both should be bought 
anhydrous rather than in crystal form. The dry salt keeps 
better, is more easily weighed out, and dissolves practically as 
soon as it is put into water. 

In making up a developer that is to be kept for some time 
the water should first be boiled gently for 3 or 4 minutes to 
expel dissolved air. Generally speaking, solutions should be 
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Solutions, Making up 

made up, for convenience, with warm or even hot w.itcr, 
allowing them to cool of course before use. 

It is customary to arrange the list of chemicals comprising a 
solution in the order in winch they should be dissolved ; unless 
the photographer has enough chemical knowledge to be sure 
that departures from the order given will do no harm, the 
chemicals should be added to the water in the prescribed order, 
allowing each to dissolve before adding the next. Any 
chemical that is in powder form should be sifted slowly into 
the water, stirring meanwhile, if all is shot in at once. 
Without stirring, it may form a cake which may take a very 
long time to dissolve. Finally water is added to bring the 
solution to the prescribed total volume. 

Certain developing agents have peculiarities which it is well 
to know. For example, metol dissolves much less readily in a 
solution of sodium sulphite than in plain water, though 
oxidation lakes place much more rapidlv in the absence of 
sulphite. In making up a developer containing metol it is 
therefore best first to dissolve a small amount — say one-tenth 
— of the sulphite, then dissolve the metol, and only when this 
is safely in solution should the rest of the sulphite be added. 
In the case of an M-O developer, the hydroquinone should be 
added after the sulphite. 

For glycin, the conditions are the exact reverse ; this 
developing agent is practically insoluble in plain water, 
though it dissolves readily enough in a solution of sodium 
sulphite. In this case, therefore, the sulphite should be 
dissolved first. 

It is always dangerous to try to make up a solution with less 
water than the formula prescribes ; this may lead to a refusal 
to dissolve on the part of one of the constituents, or in some 
cases constituents already dissolved may rcprecipitate on 
adding the next. This is particularly the case with a metol - 
hydroquinoue developer ; the two developing agents may 
precipitate together when the sulphite is added or, if made up 
with hot water, when the solution cools. If a concentrated 
developer is desired, one of the specially-devised formula? 
(see Development) should be used. 

The accuracy required in making up photographic solutions 
is not very high by chemist's standards- — except in one or 
two special cases an error of 3 or 4 per cent, is unimportant — 
but it should be remembered that it is percentage, and not 
absolute error, that matters. In weigliing out a hundred grams, 
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Specific Gravity Spectacle Lens 

a gram extra is neither here nor there, but an extra gram of 
bromide in a developer calling only for a tenth of a gram 
might rentier it practically inoperative. A point to remember 
is that when the solution is expected to work at a definite 
rate — as in development by time — special care must be taken 
that the weights and volumes are accurately measured, and 
that the chemicals used are in perfect condition. Much 
greater laxness is permissible in a solution — say a developer 
for bromide paper — the action of which is controlled by 
observation. The same is true of a solution, such as a fixing 
batli or a bleacher, the work of which will in any case be taken 
as far as it will go. 

All solutions should be stored in bottles filled well up to the 
necks, and securely sealed with well -fitting corks. It is worth 
knowing that a hard cork can be reduced to pliability by 
rolling it firmly on the floor beneath the sole of the shoe. 
Glass stoppers, if they really fit, are excellent for any acid, 
neutral, or faintly alkaline solutions ; strongly alkaline 
solutions, including most developers containing carbonate, 
will cause them to stick, and a rubber cork should be used 
instead. 

For further details on making up solutions, consult Jacob- 
son's All About Formula (Focal Press) or the advanced text- 
book Photographic Chemicals and Solutions, by Crabtrce and 
Matthews {Chapman and Hall). 

See also Solution's and Solubility, and Weights and 
Measukes. 

Specific Gravity. The ratio of the weight of a given 
volume of a substance to that of an equal volume of pure water. 
In <v solution containing only one dissolved substance, the 
specific gravity of the solution forms a reliable guide to the 
concentration of the solution. (See Hydrometer.) 

Spectacle Lens. Term applied to a true single lens con- 
sisting of n single uneemented glass. Their chief photographic 
use is as supplementary lenses [q.v.), but a spectacle lens can be 
used for landscape or portrait work on fairly large plates, and 
gives a certain amount of diffusion that is often pleasant. To 
obtain even definition all over the field the focal length must 
be long in relation to the negative ; a focal length approaching 
double the diagonal of the negative is desirable. As a spectacle 
lens is not corrected for chromatic aberration, sharpest images 
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Speeds of Printing Papers 



will be obtained when photographing by some approach to 
monochromatic light. This is most easily done by using a 
non-colour-sensitive plate, in which case the lens should be 
brought back towards the plate by about one-fortieth of its 
focal length alter visual focusing. 

In the case of a plano-convex or meniscus lens, the image 
at the centre of the plate will be sharpest if the convex side 
faces the subject. Less good central definition, together with 
greater evenness of definition over the plate, will result if the 
convex side faces the plate. (See also Lens, Soft Focus 
Lens, and Supplementary Lens.) 



Spectrograph. A spectroscope (i/.o.) so designed that an 
image of the spectrum is thrown on a plate in order that 
photographic records or measurements of spectra may be made. 

Spectroscope, The. The spectroscope is chiefly used in 
photographic work for measuring wavelengths of light of 
different colours. A beam of parallel white light rays, 
obtained by a slit and collimating lens, is passed on to one lace 
of a prism, and will emerge from the opposite face split up 
into the component colours of white light, or bv means of a 
ruled grating they can be diffracted, and a spectrum so formed. 
The refracted or diffracted r;avs are collected and broughr to 
a focus by means of a telescope revolvable about the centre 
of the prism table. By moving the telescope, different parts 
of the spectrum can be examined in turn. With a prism 
spectroscope the blue light is more spread out than the red, 
but a diffraction spectroscope gives a normal spectrum, the 
same number of Angstrom units occupying the same space at 
all parts of the spectrum. 

Speed of Plates. See Sensitometky ; also Exrosuiti:. 

Speeds of Printing Papers. The following table, given 
in the 194 1 edition of the Wellcome Photographic Handbook and 
Diary, shows the relative exposures likely to be required by 
different papers under the same conditions. As the speed' 
truiy vary considerably from batch to batch, these figures 
must be taken as no more than an approximate guide. The 
arrangement is alphabetical by maker's name. 
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Relative Exposures needed by Pr tilling Papers. 



Barnet Bar-Cias , . .512 

Enamel 2 

Ordinary ... 3 

,, Verona ... 1 = 

Inii varieties except .is 

above) . . . 4 



Criterion Byg;ts Ordinary 
„ Vigorous. 
Bromide Ordinary 
Hard 

Extra Hard 
,, Ex. Ex. Hard . 
t , M >■.■■..■■ 1 L ■ ! I 
,, Vaudyck . 

C-evaert : 

Ridax Ultra Soft 
,, Extra Soft 

Soft . 
„ Medium . 
,, Mud. Con. 

Vigorous . 
„ Ultra Vig. 

Ortliourom Ex. Soft . 

Soft . 

Normal 
,, Vigorous . 

Ult. Vi s . . 
Gevaluie . 

Art on a 

Rapid 
Vittex D Soft 

rl . p Normal 

it h Vigorous 
Prcstona . 



(Jranvilie Gaslight Vifr. . 
„ ,, Normal 

Bromide Vig, . 
„ ,, Nonnal 

,, Semitone . 



512 
1024 
2 
2 

■1 

'1 



Go 
<>5 

So 

H 11 1 

loo 
5°Q 

5 
5 
1 1 

jO 

4 

IOO 

3 

20 
J" 

5 



102+ 

512 

4 

3 
2 



Ilford Bromide 1 
it 11 - 

11 3 
tj n 4- 

;; :: I 

„ Clorona 
,, Plastika 
,, Sclo Vigorous 

,, Normal . 
, , „ Soft 

„ Extra Soft 

Keatmere Normal . 

Hard . 
„ Extra Hard 

Kodak : 

Bromide Soit 

Medium 
„ Contrast , 
Ex. Con. 
Brontes ko Soft 
„ Medium 
„ Contrast 
Kodaline Rapid . 

Slow . 

Kodopal 
Kodura 
Ko tli en a 

l\ovita . . 
Velox Ex. Soft . 
Soft . 
Medium 
Vigorous . 
Contrast . 
Ex. Con. 



Kosmos Bromide 
[except as below) . 
■ 1 Bromide Super 

Vigorous . 
„ Vitegas 

Vitegas De Luxe 
Contact . 
Vitegas De Luxe 

Enlargement 
„ Novex Ex. Soft . 
„ Soft . 
„ Normal 
„ Vigorous . 
„ Extra Vigorous , 
„' Bromega . , 



<} 
I 
1 
1 

« 
+ 
12 

4 

1025 

750 
300 
200 

5" 
512 
513 



I 

1 

2 
S 

>i 
2 

3 
t 

a 
is 
15 
20Q 

4 

200 
200 
300 
400 



■H 

240 

20 
240 
360 
30O 

30a 
72D 

2 
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Spccdftun Speedlamp 
Speed gun. Alternative name for Flashgun (q.v,). 



Spcedlump. Also called " strobo light " ur speedtlasli 
Equipment Riving a flash of excecdmgiy short duration by the 
discharge of an electrical condense? through a gas-filfcd tube. 
This type of lamp, with which flashes of effective duration Ishjs 
than a millionth of .1 second (Microsecond) have been produced, 

opens Up wide possibilities ft* the photography (rf eery hist- 
moving objects such as Indicts in flight. 

in principle, the apparatus is simple. An electrical con- 
denser ot" larp capacity (up to 100 microfarads or more) is 
charged to .1 high voltage (usually 2,000 to 3.000 volts), and 
when so charged it contains a considerable amount of electrical 
energy; Across its terminals is connected a glass tube filled 
with rare gases ;Lt such a pressure that the voltage on the 
condenser is insufficient to initiate a discharge through the gas. 
By means of auxiliary apparatus a pulse of high voltage, but 
low power, is applied to the tube ; this causes ionization of the 
gas in the tube, which then becomes conducting and allows the 
electricity stored in the condenser to discharge through it, so 
producing the flash. 

A simple version of the necessary electrical equipment is 
shown in the figure, in which C 3 is the condenser charged as 
above and X and Y are the main electrodes of the lamp. Z 
is an auxiliary firing electrode (it may take the form of a wire- 
round the outside of the lamp). The necessary high voltage 
is produced from the electric mains by the transformer T, and 
the rectifying valve V. the output being freed from peaks 
and surges hv the " .smoothing " effect of the condenser C ( 
and the resistance R. To initiate the flash, the switch S is 
closed, causing a pulse of current to flow from the battery- B 
through the primary of the transformer T s (which may be the 
ignition coil of a car), so producing a momentary high voltage 
(about 15,000 volts) on the secondary, which is connected to Z. 

The amount of electrical energy" expended in the flash is 
found be multiplying the capacity of C, by the square of the 
voltage to which' it is charged; a typical practical figure is 
joo watt-seconds or joules. Though the exact hgure depends 
on the nature of the gas in the lamp and on its pressure, the 
output of light is usually about 15 lumen-seconds per joule. 
This gives a figure of round about 3,000 lumen-seconds for the 
average Hash, so that when the lamp is S ft. from a subject 
being photographed on a him of speed 32° Schemer, the stop 
required for correct exposure will be about//8. 
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The duration of the Hash depends chiefly on the capacity 
of Cj and the inductance of the circuit C, XYC : (see figure}. 
For the very briefest flashes, of the order of a microsecond, C. 
must be a special non-inductive condenser and the lamp must 
be mounted directly across its terminals. Except for 
specialized unrl;, such rapiil Hashes arc unuecessarv ; in a 
practical lamp for ordinary work a less expensive condenser 
is used and connecting wires of length great enough for con- 
venience can bo allowed between lamp and condenser. All 
this lengthens tire (lash ; an average duration is loo micro- 
seconds (still only a tenth part of i,r,oooth sec.) or a little 
more. The Hash is still short enough to " freeze " any ordinary 
moving object completely. 

In addition to the large ma ins -driven speed lamp for indoor 
or studio use, portable outfits have been produced. In these 
electrical power is derived from batteries, and the transformer 
T, of the iigure is replaced by a buzzer device similar to that 




used in radio sets intern led fur use in a ear. The chief dis- 
advantage of the portable speed lamp is the bulk and weight 
of batteries and associated equipment : in addition, the flash 
is usually much less powerful than that of a flash-bulb, and so 
less suited for many outdoor subjects. 

Symhronixoiion of Spccdlamps. — As the effective length of 
the exposure is governed entirely by the duration of the Hush, 
and as, further, the Hash follows the application of the firing 
voltage with an interval of only a few microseconds, syn- 
chronizing a speedlamp to a betweeii-lens shutter is simple. 
The shutter can lie run at its highest speed, and arranged to 
fire the lamp just as it is about to reach the fidl open position. 
A wire making contact with the cocking lever as it Hies back is 
perfectly adequate for llii-. and is easily arranged. As the 
Whole of the film must be uncovered at the instant when the 
Hash fires, synchronization with a focal plane shutter is only 
possible at the lowest speeds of the latter. 
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Spherical Aberration Spotting Prints 

Spherical Aberration. Inability of a lens to bring rays 
passing through the margins of the: lens to a focus at the same 
point as those passing through the centre. The practical 
result is failure to give a sharp image even in the centre of 
the field, of view. Cutting off marginal rays by stopping 
dawn reduces spherical aberration. By comparing the 
positions of sharpest focus, first with the centre of the lens 
obscured, and then with the margins covered, the presence of 
spherical aberration may be detected and its extent estimated. 
(Sec Lexs.) 

" Spirit " Photography. Very convincing " spirit " 
photographs can be obtained in the following way. The 
general scene having been arranged, together with a nv" persons 
to whom the " spirit " is to manifest itself, about two-thirds 
of the exposure is given. The lens is now capped, and, while 
all others are still, the '' spirit " steps into its place, and the 
remainder of the exposure is given. 

Spotlight. Tvpi' of lamp that gives a directed beam 
covering only a small area of the subject. Thinly UBCd in 
portraiture as a nun Idling light, or to illuminate "the hair. 
The usual pattern consists of a ventilated lamphuuse, con- 
taining a lamp and lifted with a simple lens of large aperture 
(usually a condenser as used in an enlarger) at or near the 
focus oi which the In nip is placed. The whole is mounted on a 
stand enabling height and direction of beam to be adjusted as 
required. 

Spotting Negatives. See Retouching, and Negatives, 
Defects is. 

Spotting Prints. No print on which either black or the 
more common while spots can be seen should be regarded as 
finished. The removal of spots is simple, requiring no more 
than a little patience. The following notes deal with the 
removal of spots from bromide or gaslight prints or enlarge- 
ments, but are applicable, with slight "and generallv obvious 
modifications, to prints by other processes. 

Black Spots can be removed by scraping the dry print, but 
it is more satisfactory to bleach them away chemically. 
This is best done immediately the print leaves the fixing bath. 
Wipe the print surface dry with cotton- wool, and touch the 
spot with the tip of a fine sable brush that has been moistened 
with water and then touched on a crystal of potassium ferri- 
cyanide. As soon as bleaching takes place, wipe over with 

Gl6 



Squeegee 



cotton-wool liberally wetted with hypo. lictum the print to 
the hypo for a minute or two, then wash and dry as usual. 
If, as is usual, the fcrricyanide leaves a light spot, this can be 
rectified when spotting the dry print. 

White Spots are concealed by " spotting " the dry print 
with water-colour, A small tube of " Ivory Black" contains 
paint enough to spot many thousands of prints, and may be 
used, with no attempt at colour- matching, on any print of 
blue-black, neutral -black , or warm- black colour. Moisten a 
No. 0 sable brush with water, and mop it over a tiny pellet 
of paint on the edge of a saucer. This produces a tiny pool 
■ — just a few drop;; — of coloured water. The depth should be 
adjusted so that the colour is quite distinctly darker than the 
tone to which the white spot is to be brought. No attempt 
at matching need be made. 

With the brush first dipped in the coloured water, and then 
freed from moisture as completely as possible by twirling it 
against the back of the hand, the spot is obliterated by one 
or two very iight touches of the pointed tip of the brush. 
The smallest possible speck of colour should be applied at 
each touch, and if several touches are needed to fill up a spot 
they should be distinct. Anv attempt to mop the colour on 
to the print is doomed to failure. Unsuccessful work can be 
removed by a quick wipe with a damp rag. 

The place of water-colour paint is often taken by water- 
soluble dyes, which are supplied ready-prepared, in the form 
of a concentrated solution, for photographic use. Matching 
of depth of tone is done ]>v simple dilution, and the method of 
application is exactly as described for water-colour paint, 
lives have the advantage that they are absorbed by the gelatine 
instead of lying on tin: surface like paint, so making the 
presence of ii;nnl work iniu li harder to detect. Unsuccessful 
work, however, can only be removed by soaking the print in 
water for a prolonged period. Local removal of a small 
part of the work done is therefore difficult 

Squceflec. A rubber-covered roller mounted in a grip 
handfe, or in the case of a " flat squeegee," a tongue of rubber 
mounted in the edge of a flat wooden handle. It is used for 
bringing a sheet of wet paper, or a print, into contact with a 
second piece o( paper, a sheet of glass, or a ferrotype plate. 
Used chiefly in glazing prints, but is also useful for expelling 
surplus moisture from prints before putting them to dry. 
Also used in carbon and allied processes. 
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Stains. With modem developers, and mod™ methods of 
working, stains arising in negatives in titt course of ordinary 
developing and fixing are rare. A scummy surface deposit, 
however, is fairly often met ; usually it is due either to hard- 
ness of water i ir in use of a very over- worked fixing hath. 

Stains on prints are not uncommon ; they are due to 
allowing the developer to oxidise in the print before it is all 
washed away. It an M.O. developer has been used, the stains 
are generally yellow ; with amidol they are blue to blue-brown. 

Negatives and prints that have been kept for lone; periods 
often show a metallic iridescence or bronzing, turning to a 
brown or even yellow colour in extreme cases. This is due to 
the elfect ol sulphur compounds in the atmosphere, and is 
asua% most marked round the edges of print or negative. 

Uneven stains can quite easily arise during supplementary 
treatments such as toning or intensification. In every case 
these, are due, not to the toner or in ten si tier, but to impurities 
already present in the negative or print being treated. In- 
complete fixing or inadequate washing are the two most usual 
causes. 

For developer stains of all kinds, whether on negatives or 
prints, and for the iridescence of old negatives and prints 
mentioned above, the following treatment, due to llford Ltd., 
provides the most certain cure. 

Bleach fully in : — 

Potass, permanganate . . 50 gr. (6 gms.) 

Common salt . . . . \az. (33 gms.) 

Acetic acid, glacial . . . 1 oz, (50 c.c.) 

Water to 20 oz. (1,000 c.c.) 

This solution oxidises almost any stain to a soluble substance. 
Negative or print is left in the solution, with continuous 
rocking of the dish, for about twice as long as is needed to 
bleach the image, then washed until the wash-water is no longer 
pink, and soaked in 5 per cent, metabistilphitc solution till 
none of the brown colour due to the permanganate remains, 
IL is then rinsed and redeveloped fully in a developer containing 
a minimum of sulphite, washed, and dried. 

If a negative is e.-vH/y stained, it is best to make no attempt 
to remove the stain ; it will do no harm. 

Uneven stains arising in the course of intensification or the 
like must be treated on the basis of what is known of their 
composition, and no general treatment can be suggested. In 
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Stains on Fingers Stale Plates and Papers 

any case, many sndi stains have much tlio s;im.' composition 
;ls the image, ami consequently cannot he removed at all. 

Surface deposits aiul scum can often be removed by soakuiR 
the negative and rubbing its surface firmly, while under water 
in a dish, with cottonwool. If dm- to hard water, the negative 
may be soaked in a j per cent, solution of hydrochloric or 
acetic acid, rinsed brieilv, and dried. Unt the treatment that 
is most generally applicable to surface deposits, since it docs 
not depend on the chemical nature of the deposit, is to remove 
it from the dry negative by friction with a slightly abrasive 
preparation such as IJaskett's reducer (j.f.J, 

I),Tfhf>,'r stains on prints can be avoided if care is taken 
to wash out the developer (in water, stop -bath, ur hypo) as 
soon as possible, and meanwhiic to slow its oxidation by 
keeping the print in a mildly acid solution (stop- bath ; acid 
hypo). Desirable precautions include keeping the print under 
the developer during development ami giving it a quick 
but thorough rinse before fixing to remove all developer 
adhering to its surface. Fixation in an acid bath is essential 
and the print should be moved about freely for the first 
2Q seconds or so to ensure that the acid has full access to the 
print, and so can neutralise the alkali of the developer. Even 
with these precautions, stains may occur if the print is exposed 
to the air while in the hypo bath ; it should be turned face 
down and held under the liquid by a small weight if it tends 
to float. As the alkali carried over neutralises the acid in 
the hypo, this should be generous in amount and may be 
replenished if thought desirable, ff these precautions are 
taken, stained prints need never be met with. 

Small dark-brown specks on a print are generally due to 
chemical dust. Solutions should not lie mixed in the dark- 
room, or in the room where prints are to be dried, if this can 
possibly be avoided. Particles of developing agent, particu- 
larly amidol; arc likely to get carried about as invisible dust, 
and will cause intense stains on any print, finished or not, rm 
which they may chance to light. 
See also Clearing Bath and Negatives. Defects is, 

Stains on Finfters. See Skin, Effects of Chemicals on. 

Stains on Negatives. See Stains, Negatives, Defkcts in, 
and t: leaking Bath. 

Stale Plates and Papers. See Bromide Paper, also see 
Fogged Plates, to recover. 
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Stand Camera Stereoscopic Photography 

Stand Camera. A camera intended for use on a stand, 
and, except in the form of a " hand -and -stand " camera, 
generally incapable of use in the hand for snapshot work. 

(Sec Camera, also Tripod. Swing Back, Distortion, 
Architectural Photograph v. and Focusing Screen.) 

Stand Development. See Development. 

Standard Candle. The fundamental basis of all units 
used hi measuring light. The 1 utcrnationat Standard Caudle 
is of spermaceti wax. burning at the rate of 120 grains of 
spermaceti per hour. Its light output is very close tu that 
of an ordinary domestic candle, and for ordinary amateur 
work, not striving for high exactitude, a domestic candle 
t may be taken as having an output of one candle-power. 

Statuettes, Photographic. A full-length photograph is 
mounted on thin plywood, after which the outlines of the 
figure are cut round with a fret-saw. The resulting " statuette " 
is mounted on a small wooden base suitably finished. 

Stenopaic Photography (urti'ta-m;, in sense of a narrow 
way). Synonymous with pinhole photography (f/.u.). 

Step Wedge, Sec Wedge. 

Stereograph or Stereogram. The term applied to the 
stereoscopic picture mounted and ready for viewing hx the 
stereoscope. (See Stereoscopic Photograph v.} 

Stcreopticon. A name employed frequently in America to 
describe the optical lantem or projector. 

Stereoscopic Photography. The reproduction of the 
effects of binocular vision by photographic means. In 
viewing a scene, near objects can clearly be seen to stand out 
from more distant ones, and the distance of any object from 
• the observer can lie judged with fair accuracy. The .scene, 
in fact, is obviously solid, not flat. This effect of sulidity in 
due to the fact that t lie two eyes survey the scene from slightly 
different viewpoints, the two slightly different views being 
fused in the brain to give a single " solid " picture. Clearly, 
no photograph taken from a single viewpoint can duplicate 
this ; hence the " l!;il " appearance of n photograph. 

la stereoscopic work the subject is simultaneously photo- 
graphed from two viewpoints, separated (usually) by the 
width between the eyes ; these similar but not quite identical 
photographs arc then mounted side by side and examined in a 
viewer (stereoscope) so designed that the picture taken from 
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the right-hand viewpoint is seen by the right eye, and that 
taken from the left-hand viewpoint is seen by the left eve. In 
this way thi 1 observer is offered ;i close duplicate of what lie 
would have seen in looking at the original view, and the 
sensation of relief, or solidity, is vividly reproduced. The 
wider apart are the points from which the views are taken, 
the more pronounced will he the stereoscopic effect ; but 
a distance equalling the average width between the eyes 
(about 2l to 3} in.) will generally be found to give the greatest 
truth. To this, however, there are exceptions, such as when 
the view is at a great distance and there arc 110 prominent 
objects in the foreground (e.g. mountain scenery). In this 
case the points of separation between the two view-points 
for the camera may be several feet, without a markedly un- 
natural effect being produced. On the other hand, the 
nearer the subject is to the camera the greater must be the 
care not to have the lenses too far apart, for the relief will be 
exaggerate!] if the lenses are at too great a separation. 

Claims are occasionally made for various viewers that they 
enable ordinary (single) photographs to be seen stereoscopically. 
In the strict sense, this is of course nonsense, but there is no 
doubt that prints or slides viewed in such an apparatus do 
often look more convincingly " real " than when looked at in 
the ordinary way. A note on the reason for this will be found 
under the heading of ViiiWEE*. 

Stereoscopic Cameras ami Lenses.. — A stereoscopic camera is 
in effect two identical cameras side by side, with the lenses 
spaced apart by the requisite distance. Those of stand-camera 
pattern had a wide front -panel for the two lenses, joined by a 
single bellows to the hack, which was fitted for stereo-size 
plates, size Gi 1 X 3 J ins. To prevent the image from one lens 
overlapping that of the other, a removable septum or division 
was placed down the centre of the bellows. By removing the 
septum, and replacing the front panel with one carrving a 
single lens, many such cameras could be used for ordinary 
single-picture work. A number of half-plate cameras were 
also fitted with a septum, and had special carriers to allow 
stereo -size plates to be used in the sbdes, 

More modern cameras have been niade in box form to take 
plates of cither 45 x 107 mm. [j] x 4 J ins.) or (3 x 13 cms. 
(-£ x Do ins.), a third camera in some cases being placed in 
the centre to act as a focusing finder, so providing all the 
advantages of a retlex camera. A roll-film stereo reilex for 
pictures 6 x 13 cm. is also made. In all such instruments 
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the focusing movement of all three lenses, and the iris 
diaphragms and shutters of the two taking lenses, arc coupled 
together to provide the convenience necessary for snapshot 
work The.se smaller pictures can either lie viewed direct in a 
stereoscope designed for them, or enlarged to give pictures of 
a si/e suited to the older standard stereoscope. The lenses 
used in a stereo camera must be of precisely the same focal 
length in order that the two images may be of exactly the 
same size. Even a small discrepancy in this direction makes 
it impossible for the two pictures to coalesce properly in the 
.stereoscope. 

Stereoscopic Xrgativcs end Prints.- — Tf a print is made direct 
from a stereoscopic negative, the picture taken by the right- 
hand lens will be on the left side of the print, and vice versa. 
That this is so can be seen by imagining the finished negative, 
with the print in contact with it, replaced in its original 
position in the camera. The right-hand print will he on the 
right side, and facing the back of the camera, but will be 
upside down. In turning it over to get it right way up, the 
pictures also change sides. Such a print therefore has to be 
cut, and its two halves transposed. After mounting the first 
print with its base parallel to the bottom edge of the mount, 
carefully measure the distance from one object on the left of 
the picture, and from another on the right, to the bottom edge 
of the mount. The second print must he mounted so that the 
two images are at exactly the same heights as in the first, or 
they will not eoalescc properly. The prints should be so 
trimmed that (for a standard stereoscope) the two images of a 
foreground object come not more than 3 ins. apart when the 
prints are mounted. The left of the right-hand print should 
show a little more of the suhject than the left of the left-hand 
print, and the right of the left-hand print a little more than 
the right of the right-hand print. A space of about to } in. 
hould he left between the prints. 

To avoid the need of cutting and re-mounting a transposing 
frame may he used. This moves the negative bodily across 
the printing paper enabling the prints to be made separately, 
each in its correct position. Such a frame is a great con- 
venience in printing, and is practically essential when making 
stereoscopic transparencies. 

Using an Ordinary Camera. — An ordinary camera can be 
used for stereoscopic pictures of stationary objects by taking 
two photographs in succession, moving the camera horizontally 
by about 3 ins. between exposures. Special tripod tops for 
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moving the camera can be obtained- For one miniature 
camera an ingenious prismatic attachment is made, and this, 
when fitted over the lens, enables the camera to produce a 
stereoscopic pair of negatives, each 2.] X iS mm., in the space 
normallv occupied bv one 24 x 36 mm. frame. 

(See also Chap. 48' of Clcrc's Photography, which deals very 
fully with stereoscopic photography.) 

Sterry's Process. A process introduced by Mr. John 
Stern' for obtaining soft bromide prints from hard-contrast 
negatives. (See Broieide Papeh.) 

Stop Bath. An acid bath into which plates, films or prints 
are placed after development to cheek any further developing 
action and to prevent stains. For this. 1 per cent, acetic acid 
is most commonly used, though 1 ii per cent, solution of 
mctabisulphite is equally effective. A hardening stop bath 
{q,v.) is often used between development of a miniature film and 
fixation ; this provides protection against reticulation, frilling, 
scratches and other possible damage. 

Stopping- out. Sec Blockin-g-out. 

Stops. See Diaphragm. 

Stress Murks. Bromide and gaslight prints occasionally 
show lines, in appearance much like pencil marks, which are 
due to abrasion of the surface. This trouble is no longer at all 
prevalent, as most papers have a protective coating to prevent 
this. (See Supkrcoating). In most cases these marks can 
be removed by rubbing the drv print with a pledget of cotton- 
wool wetted with methylated" spirit. If tills fails, they may 
be rubbed with : — 

Thiocarbamide ... 5 grs. (0'5 gin.) 

Nitric acid .... 5 nuns. (0-5 c.c.) 

Methylated spirit . , . i oz. (25 c.c.) 

Water I C*5 c - c -) 

Care must be taken when using this, as it is a fairly energetic 
reducer. 

To avoid stress marks a tiny crystal of hypo added to the 
developer often proves eiheacious ; it will slow development, 
but the wliites will be very pure. 

Stroho Liftht. Abbreviation for stroboseopic lamp, which 
is a typo of specdlamp (tj.v.) built to give rapidly repeating 
Hashes at exactlv equal intervals timed to synchronise with 
the movement of machinery or other subject in continuous 
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Sulphide Toning Sunning Down 

i tuition. By this means the machinery, though in rapid 
motion, tan be viewed or photographed as though stationary 
or in slow motion. 

The term is quite often wrongly applied, particularly in 
America, to spccdlnmps in general. 

Sulphide Toning. See Toning, 

Sulphocyanide. Alternative, and less correct, term for 
thiocyanate. q.v. 

Sulphur Dioxide. (Fr., Dioxyile de Son fir ; Ger., Sckwcfel- 
dioxyd). S0 3 > -64. A gas prepared by reducing sulphuric 
acid with charcoal, and obtainable commercially in thick glass 
syphons, 111 which it is liquefied under pressure. It has the 
well-known pungent smell of burning sulphur. Dissolves in 
water to form sulphurous acid (H..S0 3 = aj), the acid corre- 
sponding to sulphites. A solution of sulphurous acid, or of an 
acid sulphite (bisulphite as isaHSOj, or the commoner 
metabisulphite as K 2 S.,0 5 ) smells distinctly of sulphur dioxide, 
as does an acidified solution of the odourless normal sulphite. 
The acid is of importance photographically as being one of the 
few that can be added to hypo solution to acidify it (and so 
prevent stains on prints or negatives) without decomposing the 
hypo. It is most usually added in the convenient form of 
metabisulphite. (See Acid Fixing Bath.) Sulphurous acid, 
and all sulphites and bisulphites, oxidise readily on exposure 
to air, forming sulphates. 

Sulphuric Acid (Fr., Acitle sitlfurique ; Ger., Schtoefelsaure). 
H li SO, 1 =g8. It is prepared by roasting iron or copper pyrites 
and oxidising the sulphur dioxide. Specific gravity, i'S,(j. It 
is used in photography as a clearing agent, and for many other 
purposes. It forms salts called sulphates. It is extremely 
corrosive and caustic. Great heat is evolved when it is mixed 
with water, the temperature being raised to nearlv boiling 
point ; great care, therefore, should be used in mixing it. 
Always add the acid slowly to water, not water to acid. 

Sulphurous Acid. See Sulphur Dioxide. 

Sunk Mount. A lens is said to be in a sunk mount when 
the thread by means of which it is screwed into its flange lies 
approximately in the plane of the front combination. Practi- 
cally the whole of the lens then lies behind the flange. This 
type of mount is chiefly used in reflex cameras. 

Sunning Down. Term applied to the darkening of the 
high lights of a print by the direct action of light, without the 
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Supercoutinj* Supplementary Lens 

intervention of a. negative. Although derived originally from 
daylight printing with printi:ig-uut papers, the same term is 
used where the darkening is done on the enlarging easel after 
removal of the negative. {Sec Enlarging.) 

Supereouting. A layer of plain gelatine covering the 
emulsion (picture-forming) layer on development papers. It 
is added to prevent stress -marks (<y.i'.). Paper without super- 
coating should he used for prints to be used for the carbro or 
bromoil processes, as its presence makes these processes much 
more difficult to work. 

Supplementary Lens, A lens, usually a simple spectacle 
lens of long fucus, added to the normal camera lens to alter its 
focal length or to enable it to be focused, without extra 
extension, on very near objects. Tin; local length of the normal 
lens is increased by adding to it a negative (concave, diverging, 
or reducing) lens, and is decreased by adding to it a positive 
(convex, converging, or magnifying) lens. 

To convert a lens of focal length /, to a new focal length /, 
the supplementary lens will need to have a focal length F such 

that F = f \ Foi example, to convert a .(-in. lens to a 
J i ~~ if , 

focal length of 3 ins., the focal length of the supplementary 

lens will have to be ^ - $ ^ 1" ^ 12 ins - r ° conv c rt i% io ;l 

focal length of 6 ins, the supplementary lens needed will be one 

for which F = * * ^ = _^ 4 2 = -12 ins. The negative sign 

indicates that the lens, of ta-in. focal length , must be a negative 
[or reducing) one. 

The other question, as to what new [oral length /, will 
emerge when a supplemental lens of focal length F is added 
to a camera lens of focal length/,, is answered bv the similar 

formula /a : = /i + 1' • Note that E must be given a negative 
sign if the supplementary is a concave lens. For example, to a 
lens of f t *b 6 ins., a positive supplementary F 15 ins. is to 
be add;:d. The resulting focal length / 3 will be 

6 * *3 = 0° = 4J ills . 
6 + 15 at fl 

If the supplementary were negative the resulting focal 
length would be 6 * <=IS m 6 * * m 9 ° = 10 ins. 
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Neither o£ these formula- is strictly accurate, as they do not 
take into consideration the separation Ijctweeii the lenses. As 
the separation has to be measured, not from the surface of the 
lens but from one of its nodes, and as the position of the nodes 
in the normal camera lens is seldom known, it would not help 
the photographer to complicate the formula! by introducing 
a figure for the separation, (But see Li-:ns Formuuk.) 

When the focal length of a lens is altered, so also is the 
distance at which it has to be placed from the film to focus 
distant objects. The value of the stops is also changed, the 
alteration in '/number being exactly proportional to the 
alteration in focal length. When a O-in. lens is converted to 
10 ins. by adding a supplementary lens, the stop marked /, 6 
becomes actually f/io, and all other stops are altered in the 
same ratio. New values arc therefore found by multiplying 

the figures marked by ™ (or in each case. 

Supplementary I, ana far Focusing, — Cameras with fixed 

extension frequently rely on supplementary lenses for focusing 

at distances below the nearest marked on the focusing mount. 

For focusing on a near object, the focusing mount is set at 

" Infinity " and a positive supplementary lens, of focal length 

equal to the distance of the object from the lens, is added. 

For focusing on slightly nearer objects the focusing mount can 

still be used, but calculation is necessary to determine the 

actual distance in focus. With a supplementary lens of focal 

length F, and with the scale set to the marked distance D, the 

.... DF 
distance on winch focus is secured will be ^ ^ j. For the 

calculation both D and F must be in the same units ; e.g., if a 
>o-in. supplementary is used, and the scale is set at 5 ft. 

(~ 60 ins.), the distance of sharp focus will be "° X (K> = 
20 x Go 20 + 60 

So " 13 

It should bo noticed that if the nearest point on which 

the camera can be focused is N, a series of supplementary 

N N N N 
lenses of which the focal lengths are N, -, , - . . . will 

* 3 4 * 

provide, with the aid of the focusing adjustment on the camera, 
means of focusing on a continuous range of distances from 
N 

infinity to . For example, if the camera will focus to 3 

n -j- 1 

feet, a suitable series of supplementary lenses would have focal 
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Swing Back Synchro- Sunlight Photography 

lengths of 36, i3, 11, <j and 7.2 inches. The foe using -ranges 
would then be respectively 36 to 18 ins.. iS to 12 ins., 12 to 9 
ins,, g to 7.2 ins., and 7.2 to 6 ins. 

For close-up focusing, .achromatic supplementary lenses can 
be obtained, and with these the lens may generally be used at 
full aperture. If ;i simple spectacle lens is used (meniscus form 
is best) the corrections of the camera lens will be to some extent 
upset, and stopping down is almost certain to he necessary to 
give sharp definition to the corners of the picture. With this 
use of a supplementary lens (at fixed extension), no change in 
effective stop-number occurs. (See also Spkctaci.k Lens.) 

Swing Buck. Movement fitted to many stand cameras, by 
the use of which the plate or film can be placed at an angle to 
the axis of the lens. Its use is twofold. 

When the camera is tilted upwards to include the top of a 
building, vertical lines do not remain parallel on the plate, but 
converge. At the cost of introducing some distortion, this 
convergence can be avoided by swinging the back uf the 
camera into a vertical plane. (See Distoutiux, and also 
Risixc; Fiiox r.) 

The other use of the swing-back is for focusing. If with a 
level camera, the back is tilted backward at the top, the part 
o£ the plate on which the image o£ the foreground falls is 
farther from the lens than that on which the image of the 
distance falls. With a suitable subject, this may enable both 
foreground and distance to be brought into focus simul- 
taneously at a larger stop than would be possible if lens- panel 
and plate were rigidly parallel. For this use a swing front 
(see .Rising Front) is even more suitable, as its employment 
does not upset the verticality of upright lines. A side-swing 
to either front or back is sometimes found ; it has occasional 
value for focusing when objects on 0110 side of the picture are 
nearer than on the other. 

Swing Front. See under Rising Front. 

Synchroflash Photography. The taking of photographs 
with a flashbulb synclironiscd to the shutter of the camera. 
See Flashgun. 

Synchro-Sunlight Photography, See that heading under 
Flashgun. 
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Talbotypc. Sec Caloxyfk. 
Tank Development. Sec; Develoi'MKNT. 
Technicolor. Sec Colour Photography. 
Telemeter. Another name for ItAXGE-FlNnER, tj.v. 
Telephotography. Photography with a telcplioto lens. 

Telephoto Lens. Strictly, a lens the focal length of which 
is considerably in excess of its back focus. The term is often 
incorrectly applied to lenses of normal construction, but which 
have a focal length longer than is usual for the size of negative 
for Which they are to be used. 

A telephoto lens is always composed of a positive front 
clement and a negative back clement, the separation between 
the two being fairly large. Variation of this separation varies 
the focal length of the lens, but as much more elaborate 
corrections to the lens are needed to take advantage of this 
variability, and practical difficulties in handling the lens are 
also introduced, all modem telephoto lenses are designed in 
rigid mounts and give one definite focal length only. They are 
referred to on this account as " fixed-focus " telephoto lenses, 
but it is to be noted that this does no! imply absence of a means 
of focusing on near objects. 

The modern fixed-focus telephoto lens generally has a focal 
length about double (but some times thiee timus or mole) the 
diagonal of the negative for which it is intended, and is built 
to work at a distance from the film about equal to that of a 
lens of normal focal length. Such a lens can readily be made 
interchangeable with the normal lens on any camera having a 
focal-plane shutter. Its narrow angle of view necessitates a 
special view-finder, and extra care in avoiding camera-shake at 
the moment of exposure, but iu all other respects it is used 
exactly like any normal lens. Fixed-focus telephoto lenses 
generally work at apertures from about //j-j to about / 6*3. 

It is specially to be noticed that the value of a telephoto lens 
is not entirely, or even chietlv, in photographing distant 
objects ; in practice, its main use is often for portraiture and 
close-up figure work, for which it enables a more distant 
standpoint to be used than a normal lens would permit. A 
particular advantage of the telephoto lens is the more natural 
perspective given, as compared with a lens of standard focal 

(>2& 
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length. Only with extremely long-focus lenses does the angle 
of view become noticeably too narrow. 

The older type of variable -focus tele photo lens was some- 
times made up as an independent unit, but more often consisted 
of a " telephoto attachment " used in conjunction with the 
normal iens. The attachment was a corrected negative lens 
mounted at the back of a telescopic tube ; to the front of the 
tube the normal lens was screwed, and the whole was then 
mounted on the lens panel. Such a combination is only suited 
lor use on a stand-camera, but has the advantage that quite 
high magnifications can be obtained for special work. An 
extremely rigid camera, well supported on a stout stand, is 
essential for work of this type. 

The magnification m given at a camera extension E when 
using a negative lens of focal length }',, is given by : — 

»; = j -1- i. Thus with a camera-extension of iz ins. when 

using a negative lens of focal length 3 ins., the magnification in 

use is " + 1 = 4 + 1 = 5 times. The e dec live focal length 

of the combination is then live times that of the positive lens, 
and the effective //number, on the basis of which exposure 
must be calculated, is likewise five times that marked on the 
stop scale of the positive. If this is set at //.(.. 5, with live 
times magnification exposure must be as for//22. 

The diagonal of the field covered on the focusing screen is 

given by D — (m — 1) yz^f wdiere /, is the focal length of 

the positive lens and d s the diameter of the negative lens. 
This formula applies when the positive is stopped down ; at 
larger apertures the field covered is also larger. 

The following formulae will be useful in choosing a negative 
lens to use with the existing camera lens (focal length 
For a magnification m at an extension equal to jj/,, the negative 

lens should have a focal length /, = -^1— . "'liile to 

cover a negative of diagonal D it shou'd have the diameter 

d a = ^„7Zl'^i ^ D ' It: should be set back from thc positive 

lens by a distance d =- m 
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Televliion 

Television is the reproduction of moving pictures with a 
wire or wireless link between transmitter and receiver. The 
image of the shuiio scene or of ;i cinema film is not transmitted 
as a whole, but is explored point by point, and signals corre- 
sponding to the illumination of each point are tran emitted in a 
regular sequence, At the receiver the inverse process takes 
place in the re constitution of the. picture. 

The general practice is to use a cathode-ray tube at the 
receiver. This consists briefly of an evacuated glass bulb 
with a flattened end coated with fluorescent material ; this is 
the screen and it fluoresces brilliantly under the impact of 
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lu^h -velocity electrons. An electron gnn is included in the 
tube and produces a narrow beam of electrons which can be 
focused on the screen by the application of an electrostatic or 
electromagnetic field. The fluorescent spot on the screen can 
be made of the order of 0 5 to i-o mm. in diameter. 

The beam of electrons can be deflected as required by 
suitable electrostatic or electromagnetic fields, so that the 
fluorescent spot can be moved almost instantaneously to any 
position on the screen. The intensity of the electron beam", 
and hence the brilliancy of the spot, can be controlled at will 
and almost instantaneously over a wide range, 
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The spot is arranged to move in a scries of parallel lines 
from left to right across the screen. Referring to fig. I, the 
spot starts nt the top left-hand corner at A arid moves steadily 
across the screen and slightly downwards to E. It then ilies 
back very rapidly to a point C below A and starts to trace out 
a new line CD below AB. On reaching D it flics back to E 
and tracts out EF, aud so on. 

At the bottom of the picture, having traced GH, it Ilies back 
JO I and starts to trace out another line as before. In this 
case, however, it reaches the hot lorn of the picture at ] before 
it reaches the right-hand side. The spot now flies up to K 
and traces out the remainder of the line KL above AB. On 
reaching L the spot [lies back to M and then traces out MN 
between AB and CD. From N it goes to O and traces out OP. 
It continues in (his way, tracing out a second series of lines in 
the spaces between the first series. At the bottom the lines 
are OR, ST. and from T the spot ilies back to A and the whole 
process starts again. 

This is the usual interlaced scanning and the complete 
sequence of events from A back to A forms one picture, and the 
half-series from A to J, or from K to A, forms one frame. In 
the B.B.C. transmissions there are 25 pictures a second, 
or 50 frames, and 405 lines to each picture. 

Cathode-ray methods are used in the Emitron transmitting 
camera in which a beam of electrons performs precisely the 
same evolutions as that in the receiving tube. Synchronising 
pulses are inserted in the transmitted signal at the end of every 
hue and every frame in order that the beam in the receiving 
tube may be kept exactly in step with that in the transmitter ; 
at any instant, the beams must be in exactly the same positions 
relative to the borders of the screens. 

The transmitted picture signal is at any instant proportional 
to the mean illumination of that small part of the image upon 
wbieh the electron beam of the Emitron falls. The brilliance 
of the iluorcseent spot on the screen of the receiving tube is 
similarly roughly proportional to the picture signal. Conse- 
quently, the brilliance of the spot is continually varying as it 
moves over the screen and it is these variations of brilliancy 
which build up the picture. 

Interlaced scanning is adopted in order to reduce dicker. If 
the same jg pictures a second were retained and sequential 
scanning were used— that is, if all lines were traced in order 



Television 

from top to bottom and the second, set were traced out on top 
of the first — there would be serious flicker. By dividing the 
lines into two interlaced sets the flicker frequency is doubled 
and becomes 50 c/s. The result is no observable flicker. On 
close inspection of the picture, a small amount of interline 
flicker can be detected, but tliis is not noticeable at the normal 
viewing distance. 

It must not be forgotten that at any instant there is only a 
single spot of light of perhaps o-j mm. diameter on the screen. 
The illusion of a picture is produced by t he retetitivity of the eye, 
helped somewhat by a small amount of persistence in the screen. 

In the photography of television images this must be borne 
in mind if good results are to be secured. As there are 25 
pictures a second the ideal exposure is i/zath of a second. 
With a longer exposure movement in the picture will be trouble- 
some , in fact, longer exposures can be used only on scenes with 
little or no movement in them. 

A shorter exposure than 1 /25th of a second must not be used, 
because it will not give a complete picture. Exposures between 
i/25th and i/5otii of a second will give a negative on which 
there is one frame and a fraction only of the second interlaced 
frame, Exposures less than 1 /50th of a second will not give even 
one frame ; part of the picture will be cut off and in what 
remains there will be only one-half the correct number of 
scanning lines. 

It will be found, however, that there is no temptation to 
use a shorter exposure than i/sjjth of a second, because the 
brilliancy of the television image is such that it is often difficult 
to obtain a good negative without a much tonger exposure 
than this. With plates of speed 31° Sch. and an fj8 lens an 
exposure of about 3 sees, is necessary for the older type of 
cathode-ray tube ] 

With modern tubes the brilliancy is greater and quite good 
results arc obtainable with a 1/25II1 of a second exposure pro- 
vided that a lens is used. The correct exposure from the 
point of view of negative density is nearer 1 /1:1th of a second, but 
although somewhat under-exposed, better results are secured 
with about 1 /25th of a second, because movement in the picture 
canbeignored. 1 1 i s n o I o nger n ec es sa ry t o wa i t u ti til e very one 
in the picture is motionless. 

The camera should be as far from the tube as possible, while 
retaining a reasonable size of image on the plate. If it is too 
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near, the focus will deteriorate round the edges of the picture, 
because the end of the cathode-ray tube is convex. The 
curvature of the tube is made as small as possible consistent 
with mechanical strength, but is often appreciable. 

Care should also be taken in the adjustment of the television 
receiver. The temptation is to increase the brilliancy too 
much in order to keep the exposure at a minimum. With 
excessive brilliancy the size of the scanning spot increases in 
white parts with the equivalent of a loss of focus in the television 
picture. Better results will be obtained at less brilliancy, but 
a longer exposure, or better, with a larger aperture lens. 

Temperature. Since heat will always pass from a hot body 
to a cooler one, temperature may best be regarded as the 
potential, or level, of heat energy. It is measured in degrees, 
the measurement being conducted by observation of the 
expansion of a gas or liquid as temperature rises. The 
fundamental scale is based on the total absence of heat -energy 
as zero level (see Absolute Temperature), but practical 
thermometers take as zero either the freezing point of water 
(Centigrade, Reaumur) or the temperature of an arbitrary 
mixnnv ol ii-i- and -all (Fahrenheit) (Sec Tuiiimriui-.Tuv.) 

As all chemical actions take place taster at higher 
temperatures than at low, a knowledge or control of the 
temperature in use is essential in all photographic operations 
in which time is taken into consideration. [See Development 
and Temperature Cokpficiext.) 

Temperature Coefficient. A figure indicating the rate 
at which some quantity alters with varying temperature. 
Photographically, generally the ratio between the times taken 
by some chemical process at two temperatures differing by 
to Centigrade degrees. If, for example, a plate develops to a 
particular contrast in 5 minutes at ±5* C, but takes 9 minutes 
to reach the same contrast in the same developer at 15 0 C, 
then the temperature coefficient of the process in 9/5 or 1-8, 
(See also Thermometry and Devlopemhnt.) 

Temporary Support. See Carbon Process. 

Test Papers. Small slips of absorbent paper soaked in a 
solution of litmus or other dvc, and used for testing any liquid 
for its alkalinity or acidity.' (See Litmus.) 
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Testing, Chemical Thermometry 
Testing, Chemical. Sec Analysts ; also Impurities. 

Testing Paper. Sec Paper. 

Textiles, Printing on. See Silk, Canvas, Diazotypic, and 

Dyking : also Enlarging and Carbon Process, 

Thermometer, Instrument for determining temperature. 
A bulb containing mercury or coloured alcohol is connected 
with a capillary tube lying' on a graduated scale. The move- 
ment of the surface of the liquid along the scale, resulting from 
expansion or contraction of the cont en Ls of the bulb, indicates the 
temperature of the bulb, and hence of the environment in which 
the bulb is placed. (See TEMPERATURE and Thermometry.) 

Thermometry. Three scales of thermometry arc in general 
use in different parts of the world. The Fahrenheit scale, 
usual in England, takes the freezing point of water as 32 0 , and 
its boiling point as 212". In the Centigrade (or Celsius) scale 
usual on the Continent, these points are represented by 0° and 
too" respectively, and in the Reaumur scale by 0° and 8o°. 



The following rules for conversion therefore apply. 

To convert : — 

Reaumur into Centigrade. Multiply by 5 and divide by 4. 

Reaumur into Fahrenheit. Multiplv by ij, divide by 4, 

and add 32, 

Centigrade into Reaumur. Multiply by 4 and divide by 5, 

Centigrade into Fahrenheit. Multiply by 9, divide by 5, 

and add 32. 

Fahrenheit into Reaumur. Subtract 32, multiply by 4, 

and divide bv y. 

Fahrenheit into Centigrade. Subtract 32, multiply by 5, 

and divide by o. 

(Sec Absolute Temperature.) 
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Tabu; for Conversion of Fahrenheit, Centigrade, and 
Reaumur {Continued). 
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Tlilocarbamido Titles on Prints 

Thiocarbamidc (Fr. and Ital., Thiocarbamid ; Gcr., T/;io- 
harnstoff, Thiocarbamhl). Synonym: Thiourea. SCfXH.). 
= 70. An organic compound used in clearing solutions arid 
sometimes as a reducer for prints. Also used in a very beauti- 
ful, but rather difficult, process of lantern-slide making (q.v.), 
and, in alkaline solution, as an odourless " darkener " in 
sulphide toning. (Sec Tonini;.) 

Thlocyanates. A class of salts (as KCXS) formed from 
cyanates (as KCNO), by replacing the oxygen with sulphur. 
These salts were at one time known as " sulphocvanides." 
Alkaline thiocyauatcs And a place in gold-toning baths for 
printing-out papers of various kinds, and being solvents of 
silver bromide, are used in some modern line-grain developers. 
(See Toxixg and FiXE-GitArx Dkvi-:i.qi'MJ;.\t.) 

Three -Colour Processes. See Colour Piiotogh.U'HY. 

Time Development, See Dkvei.oi'MKXT. 

Time Exposure. See Shutter. 

Timer. Term applied to dark-room clocks, especially those 
which can be made to give a signal, like an alarm clock! at the 
CXpiry of a pre-determined time. There are also timers, for 
use in making enlargements, that can be set to give an exposure 
of pre-determined length ; at the end of the desired time of 
exposure these timers automatically switch off the enlarger 
lamp. 

Time Scale. See Intensity Scaij.. 

Time Thermometer (Watkins). See Dkveloi'.ue.vi . 

Time Valve. See Siicttiiu. 

Tintype. See Feuhotype. 

Titles ou Prims. Numerous methods have been suggested 
for use, such as writing backwards on the negative, employing 
type, carbon tissue, etc. A useful method is to write the title 
first of all on the paper, before printing, with some aqueous 
non-actinic or opaque colour, such as gamboge or Indian ink, 
the same being washed ult before development or toning ; or 
the following may be used on the finished print : — 

Potassium iodide 10 parts. 

Water 3° ., 

Iodine 1 part. 

Gum ....... 1 
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Toning 

Write with this on a dirk portion of the print, when the letters 
will soon become visible by the conversion of the image into 
iodide of silver, which can be dissolved by returning the print 
for a few minutes to the usu:d fixing bath. Or, using a glass 
pen, write on glazed paper with a concentrated solution of 
potassium ferricyauide thickened with glycerine. A dye may 
be added to make it easier to see the writing as it is done. The 
paper is transferred to the moistened negative and pressed in 
place. When the image below the inscription is bleached by the 
femcyanide, peel off the paper and transfer the negative to an 
ordinary hypo bath. Then wash and dry. 

Toning. Term applied to the process of changing the 
colour of a photographic image. With development papers, 
toning is an optional process to provide a colour different from 
the usual black ; with printing-out papers, toning is a 
necessary part of the production of a print. 

Toning Bromidf. Prints. 

The toning processes below have in nearly every case been 
worked out for use on bromide prints, but must are equally 
effective with prints on chlorobrumidc or chloride (gaslight) 
naoer and with lantern si ides. The colours obtained, how- 
ever, are often slightly different. 

The following table will serve as an index to the colours 
obtainable on bromide papers by different tuners. The order 
is approximately that in which the formula; appear in the 
svicceeding pages : — 

Colour. 

Drown and sepia 
Brown-black to red-chalk 
Cold sepia 

Warm-black to sepia . 
Purple-sepia 

Bluish -purple to red -brown 
Warm-black to full red 
Red-sepia 
Green 
Blue 

Red chalk 
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Process. 

Sulphide. 
. Mercury and sulphide. 
. Frc-sulphiding ; selenium- 
sulphide mixture. 
. Hypo-alum, nitro - sulphide, 
liver of sulphur. 

Selenium direct toner. 

Selenium followed hy sulphide. 
. Copper ; uranium. 
. Copper and sulphide. 

Vanadium. 

Iron. 

. Sulphide and gold. 



Toning : Sulphide Processes 



Sulphide Toning (Brown and Sepia). — In this process the 
silver image is converted into silver sulphide. The final 
colour depends chiefly on the fineness of grain of the original 
print, and hence on details of exposure and development. An 
over-exposed and under-developed print will never tone to a 
good colour. 

Bleach the fully-washed print in 

Potassium ferricyanidc . , ioz. (50 gms.) 

Potassium bromide , 175 gr. (20 gms.) 

Sodium carbonate (anhydr.) . 130 ,, (15 gms.) 

Water to . . . 20 ozs. (i.ooo c,c j 

This solution may be kept and used repeatedly as long as it 
continues to bleach. Increase of bromide above the amount 
shown tends to produce yellowish tones. 

Rinse in clean water for about 3 minutes, which will remove 
the yellow stain, leaving a faint buff image on a white ground. 
Darken in a 1 per cent, solution of sodium sulphide. This 
solution will not keep, and must he thrown away after use. 
It is best to make a concentrated stock solution of sodium 
sulphide (about 20 per cent.), which will keep well, and dilute 
this as required for use. 

Any trace of hypo remaining in the print will combine with 
the ferricyanidc in the bleacher to give Farmer's reducer, and 
may reduce the lights. If the print has had perfunctory 
washing, replace the above bleacher by the following : — 

A. Potassium permanganate . 50 grs. (5 gms.) 
Water to . . , .20 ozs. (1,000 c.c.) 

B. Hydrochloric acid . . i oz. (25 c.c.) 
Water to . . . .20 ozs. (1,000 c.c.) 

For use mix 1 part of A and 8 parts of B. More A may be 
added if bleaching is too slow. After washing till the wash- 
water is no longer pink, remove any brown stain in one or two 
successive bat lis of dilute potassium mctabisulphite, wash in 
two or three changes of water, and darken in 1 per cent, 
sulphide as before. The permanganate bleacher will bleach an 
image that has already been sulphide toned, enabling it to be 
redeveloped to its original black colour if desired. 

Mercury and Sulphide Toning. By varying the composition 
of both bleacher and darkeuer a wide range of tones may be 
had. The following process is due to H. W. Bennett. Make 
up the following four solutions, all of which keep well :— 
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A. Potassium lerricyanide . 80 grs. (9 gms.) 
Potassium bromide . , 120 ,, (13-5 gms.) 
Water to .... 20 ozs. (1,000 c.c.) 

B. Mercuric chloride . 75 gTs. (8 '5 gms.) 
Water to . . . .20 ozs. [t,ooo c.c.) 

C. Sodium sulphide, 20 percent, solution. 

D. Schlippc's salt, 20 per cent, solution. 

The composition ol bleacher and darkener required for 
different colours is given in the following table ; the bleacher 
is given as parts of A and B to be mixed, while the darkener 
is given as number of drops of C and D to each ounce (30 c.c.) 
of water. 



Cohan. 

Black 

Brown-black 
Deepest brown . 
Deep brown 
Deep warm brown 
Warm brown 
Very warm brown 
Ked'-brown 
Red chalk . . 



lilrr.rhcr. 



Darheiitr. 



Ai 
A2 

A3 
AG 



Bi 
Bi 
Bi 
Bi 



A alone 
A alone 
A alone 
A alone 
A alone 



C20 
C20 
C20 
C20 
C20 

C 7 D14 
C4 Did 
C2 DiS 
D20 



The bleachers may be kept in use as long as they work, the 
darkener must be used once only. After using any bleacher 
containing B, give prints two successive baths in 1 per cent, 
hydrochloric acid, followed by 10 minutes washing, before 
darkening. Any bleacher containing B will intensify the print 
to an extent depending on the amount of B it contains. 

Variation in Colour may also be obtained by other means. 
For a rich sepia, soak the print in 1 per cent, sulphide for a 
few minutes ; then wash, bleach, and re-sulphide. Another 
method is to bleach only partially ; some of the original 
black image is then left, and any tone from a warm black to 
a full sepia can be had by varying the extent of bleaching. 
Alternatively bleaching may be complete, and tiie print may 
then be partially redeveloped in a dilute amidol developer 
the darkening being completed by sulphide. 
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Further variation may be had hy adding selenium to the 
darkener ; a suitable stock solution is :— 

Sodium sulphide ... 4 ozs. (100 gms.) 
Selenium . . . -45 E rs - ( 2 '5 gms.} 



For use, dilute with 30 parts of water. The diluted solution 
will not keep more than an hour or so. This gives colder 
tones than a plain sulphide darkener, and works well with any 
standard bleacher. 

All these methods are particularly valuable w ith gaslight and 
chloro-bromide papers which, owing to their fine grain, always 
tend to give yellowish tones. 

If a print is found, after toning, to be of too yellow a colour, 
it may be further toned in the direct selenium toner (below) , in 
which it will take on a rich sepia colour, 

Failure* in Sulphide Toning — A dilute solution of sulphide, 
if exposed to the air, is slowly converted into thiosulphatc 
(hypo). Instead of darkening the bleached image, such a 
solution will dissolve it away. It is on this account that 
frcs lily -diluted sulphide solution is insisted upon in the above 
notes. A concentrated stock solution, properly corked, will 
keep in perfect condition for a year or more. 

Blue spots, occurring only with fcrricyanide hlcachers, arc 
due to specks of iron or iron rust, usually derived from the 
water. A filter of some simple sort over the tap will keep 



be toned should invariably be fixed by the " two- bath " 
method. (See Fixing.) 

The smell □/ sulphide is penetrating, unpleasant, and will 
cause any sensitive material exposed to it to deteriorate very 
rapidly indeed. No unexposed paper, films, or plates should 
ever be left where the smell can reach them. When toning is 
over, the sink and the dishes used may be rinsed out with 
very dilute permanganate solution, which destroys any 
remaining sulphide and so prevents the smell from persisting. 

Odourless Sulphide Toning — Tones similar to those given 
by sulphide, and of equal permanence, can be obtained by 
using the following darkener, which is free from smell. 



Water to 



10 ozs, (250 c,c.) 
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Thiocarb amide . . -44 g^. (5 gms.) 

Potassium bromide , . 350 (40 gms.) 

Caustic soda . . . 26 „ (3 gms.) 

Water to . .20 ozs. (1,000 c.c.) 

If carefully bottled, this darkener can be used repeatedly. 
Colder tones can be bail by increasing the caustic soda. With 
live times the amount given, a violet tone is obtained. A 
warmer tone is obtained if the potassium bromide is omitted. 

Selenium may be added to this darkener in the same way as 
to sulphide. A suitable formula is : — 

Caustic soda . . , 440 grs. (50 gms.) 

Selenium . . . 88 ,, {10 gms.) 

Thiocarbamide . . . 265 „ (30 gms.) 

Water to .... 20 ozs. (1,000 c.c.) 

This is a stock solution and keeps well. For use, dilute one 
part with nine parts of water. The tone may again be varied 
by adding potassium bromide. Wipe the print free from any 
powdery deposit before drying. 

Direct Toning hy Hypo Alum. — A method of sulphide toning 
in one operation. Prepare : — 

Hot water . . . .80 ozs. (2,000 c.c.) 
Hypo . , . . 16 „ (400 gms.) 

Alum 3i „ (90 gms.) 

Boil this mixture for several minutes. Dissolve about 6 grs. 
(0-25 gin.) of silver nitrate in a little water, and add ammonia 
till the precipitate first formed redissolves. Add this solution 
to the bath. 

Prints arc tonetl by immersing them in the bath, which 
should not be filtered, at a temperature of ioo° to 120 0 F. 
(40 J to 50° C). Full toning will take about 20 to 30 minutes, 
according to temperature. For some papers, preliminary 
hardening (by soaking for 10 minutes in a saturated solution 
of alum) will be needed to prevent softening of the gelatine. 
After toning, the print should be re-fixed to remove any silver 
salts taken up from the bath, and then thoroughly washed. 
Wipe away any surface deposit with cotton- wool before drying. 

The tone yielded is a purplish -sepia, slightly colder than 
that of normal two-bath sulphide toning. Shorter toning 
gives cooler tones, and any tiling from warm -black to the full 
sepia can be obtained. 

The bath may be kept and used over and over again, being 
replenished as necessary by more of the boiled mixttire of 
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hypo and alum. The silver need only be added when the 
bath is first made. 

Niiro-Sulpltidc Direct Toner. — Prepare the following 
solutions : — 

A. Barium sulphide . . J oz, (12-5 gms.) 
Warm water to . . .20 ozs, (1,000 c.c.j 

Shake up for some time, and decant the clear solution for 
use. Keep tightly corked. 

B. Sodium meta-nitrobenzenc sulphonate, 10 per cent, 

solution. 

For use take A 16 parts, B 1 part. If toning is too rapid, 
dilute this mixture with water. The final tone is not unlike 
that given by hypo -alum, and the process may be interrupted 
at any desired stage. Prints need not be completely freed 
from hypo before toning. 

Liecr of Sulphur Direct Toner. — The tones given by the 
following are similar to those given by the hypo-alum process. 
Liver of sulphur . . . 15 grs. (1-7 gms.) 
Water ..... 20 ozs. (1,000 c.c.) 

The bath is used at about 8o° F., and tones in about 
30 minutes. 

Direct Toning with Selenium. This process gives sepia 
tones on gaslight papers, and brown with a purplish tinge on 
chloro- bromide papers. It is ineffective with bromide prints. 
Prepare : — 

Sodium sulphite (anhydr.) . 4 ozs. (300 gms.) 
Selenium .... 260 grs. (30 gms.) 
Water to . . .20 ozs. (r,ooo c.c.) 

Dissolve the selenium in the hot sulphite solution. Keep in 
full bottles tightly stoppered with waxed corks. For use, add 
1 part to 20 parts of 30 per cent, hypo solution. Toning takes 
some 20 minutes at 65° F. 

Both stock and working solutions keep well, and the latter 
may be used until toning becomes inconveniently slow. 

More rapid toning is obtained in a solution made by dis- 
solving 2 ozs. (loo gms.) of sodium sulphide in a minimum of 
water, dissolving in this go grains (10 gms.) of selenium, and 
diluting to 20 ozs. (1,000 c.c.) Any reddish stain can be removed, 
after toning, in a 10 per cent, solution of bisulphite or metabi- 
sulphite. 
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Selenium toning can be followed by ordinary sulphide toning 
(ferricyanide and bromide bleacher, sulphide darkener) ; the 
tones so obtained vary from bluish-purple to red-brown 
according to the time of immersion in the selenium bath. 

Copper Toning. — A one-solution process giving very reason- 
ably permanent tones from warm black through purple, plum- 
brown. and brown to red. The following stock solutions are 
required : — - 

A. Copper sulphate , . 220 grs. {25 gms.) 
Potassium citrate (neutral) . 960 ,, (no gms.) 
Water to - . . .20 ozs. (1,000 c.c.} 

B. Potassium ferricyanide . 175 grs, (20 gms.) 
Potassium citrate (neutral) . g6o „ (no gms.) 
Water to .... 20 ozs. (1,000 c.c.) 

For use, mix equal parts of A and B. The stock solutions 
keep fairly well, but the mixed toner does not, and should be 
mixed only as needed. If pink stains appear in the high 
lights, it is an indication that the print was not completely 
fixed, that it was not properly washed, or that the quantity 
of potassium citrate is not sufficient for the particular paper in 
use. Immersion in 5 per cent, ammonia will usually remove 
any pink stain. 

If a fully-toned print is a little weak, it can be strengthened 
by treatment, after a brief rinse, in a 5 per cent, solution 
of copper sulphate containing 2 to 2 ■]■ per cent, of potassium 
bromide, to which a little acetic acid must be added, after 
which the print should again be rinsed. For the most 
permanent results, a fully-toned print should be fixed in 
5 per cent, hypo (neutral or acid) and washed thoroughly. A 
print toned to any colour short of a full red must not be fixed, 
or interaction between the red part of the image and the re- 
maining black will result in the almost complete disappearance 
of both. Alternatively, the toned print may be treated with 
an acid amidol developer, which will both darken it and 
reduce the vividness of the colour by converting the residual 
silver salts into a black image. 

Rapid Toning (about 3 minutes for red chalk) can be obtained 
in : — 

Ammonium carbonate . 1,000 grs. (no gms.) 
Copper sulphate . , . 100 „ (11 gms.) 
Potassium ferricyanide . . 200 ,, (22 gms.) 
Water to . . .20 ozs. (1,000 c.c.) 

Dissolve in order, without the aid of heat. 
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Combined Copper and Sulphide Toning. — If a. print fully 
toned by the copper process is treated with a solution con- 
taining i per cent, of sodium sulphide and 2 per cent, of acetic 
acid, a very fine permanent red-sepia tone is produced. The 
image is of course very considerably intensified. If copper 
toning is only carried far enough to give a warm black or 
purple-brown, the intensification on sulphiding is slight, and 
the resulting colour is both pleasant and permanent. 

Uranium Toning. — A direct toner for shades from warm 
black through a pleasing range of browns to Bartolozzi red. 
The reputation for giving impermanent prints appears to have 
arisen because the final image is soluble in any alkaline solution, 
including ordinary tap-water. The instructions therefore 
require that washing after toning must be done in acidified 
water ; the acid used is one that evaporates off with the water 
as the print dries. Toning intensifies the image, but the intensi- 
fication is trifling unless toning is carried nearly to the full red. 

The toner is made up as required by mixing, in the order 
given, 10 per cent, stock solutions of the substances named : — 

Water .... 15 ozs. (750 c.c.) 

Uranyl nitrate . . . 1 ok. (50 c.c.) 

Rochelle salt . . . 1^ oz. (70 c.c.) 

Tartaric acid ... 2 ozs. (100 c.c.) 

Potass, ferricyanidc . . 3 drs. {20 c.c.) 
Toning begins slowly, becoming more rapid as it progresses. 
For full red, 10 to 15 minutes is usually required. 10 oz, of 
the bath will tone about 360 sq. ins. of prints (Soo sq. cm. per 
100 c.c.) 

When sufficiently toned, wash in several changes of water 
containing about l-l dr. per pint (10 c.c. per litre) of 10 per cent, 
hydrochloric or acetic acid. If the whites remain tinted, clear 
by immersion in : — 

Sodium sulphate crystals , I oz. (25 gms.) 

Potass, citrate, to per cent. sol. 1 „ (50 c.c.) 

Water to . . .20 ozs. (1,000 c.c.) 

Rinse again in acidified water, after which the print may be 
dried. 

For greater permanence and slightly brighter tones, the print, 
whether partially or completely toned, should be fixed in : — 
Hypo . . . . . 1 oz. (50 gms.) 
Sodium acetate . . . 90 gr. {10 gms.) 
Acetic acid, 10 per cent. . go mins. (10 c.c.) 
Water to . . . 20 oz. (1,000 c.c.) 
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After this, the print must be washed. The first wash -waters 
should contain i per cent, of boric acid, which does not decom- 
pose hypo. The last must be acidified with hydrochloric or 
acetic acid in the proportions already given. 

If it is desired to obtain the very warm tones by a method 
that does not involve intensification of the print, the following 
process may be used. Bleach in a 3 per cent, solution of 
potassium fcrricyanide. rendered slightly alkaline by the 
addition of ammonia. Wash, treat in the clearing bath above 
if necessary to remove yellow stain, and immerse in : — 

Uranyl nitrate . . . i oz. (25 gms.) 



In this solution the print will darken to a full " uranium 
red " tone, but will now be a little lighter than before toning. 
It may be darkened, if desired, by partial redevelopment in 
acid amidol, or by the application of a very dilute (0.1 per 
cent.) solution of sodium sulphide acidified with acetic acid, 
after which it may be fixed and washed as already described. 

The above darkening solution may be kept after use, and 
re-used as long as it continues to darken the prints. When 
exhausted, it may be given an extension of life by adding a 
further 35 gr. (4 gms.) of potassium bromide ; when again 



bromide given must on no account be exceeded. 

Mixed Copper and Uranium Toning.— An exceptionally 
pleasing range of intermediate tones, warmer than those 
obtained from uranium and free from the purplish or pinkish 
tinge characteristic of copper, may be obtained by combining 
the two processes. This is most simply done by first toning 
in the copper bath given above (containing citrate), washing 
in tap-water, and then immersing the print in the darkencr 
used in the non -intensifying two-stage uranium toning process 
above. In this uranium toning takes place, but the extent 
of toning is limited, and depends entirely upon the extent of 
the copper toning already done. The further toning is taken 
in the copper bath, the further it will go in the uranium 
darkencr, so that the proportion of the two colours always 
remains constant. Further, there is no appreciable intensifica- 
tion or reduction, at any stage in the series of colours, when 
using this method of mixed toning. 



Potass, bromide . 
Acetic acid (glacial) 
Water to 



45 gr. (5 gms.) 
go rnins. (10 c*c.l 
20 oz. (1,000 ex.) 
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If it is preferred to have the relative proportions of the two 
colours under the operator's control, the normal uranium 
toner (containing fcrricyanide) may be substituted for the 
darkening bath mentioned above. In this, toning can be 
carried to a full red if desired, irrespective of the extent to 
which toning was carried in the copper toner. Copper toning, 
however, must always be done first. 

After either process, the toned print may be cleared if 
necessary in the sodium sulphate bath, and all washing must 
be done in acidified water as with a uranium-toned print. 
Fixing is only permissible if toning in the copper bath has 
been taken as far as it will go. 

Vanadium Toning.— Tins process gives green tones of good 
permanence. For olive-green tones the following may be 
used : — 

Ferric chloride . .10 grs. (1 gm.) 

Ferric oxalate , . . 10 ,, (t gm.) 
Hydrochloric acid . . 50 mins. (5 c.c.) 

Oxalic acid (sat-sol.) . , 2A ozs. (120 c.c.) 
Potassium ferri cyanide . , 20 grs. (2 gms.) 
Vanadium chloride solution . 100 mins. (10 c.c.) 
Water to ■ . . . . 20 ozs. (880 c.c.} 

The vanadium chloride solution is made hy adding 1 oz. 
(20 c.c.) of hydrochloric acid to A oz. (10 gms.) of the salt, 
which will leave a little of the salt undissolved. Immerse the 
print in the above, and rock until toned blue. The print is 
then washed in running water until the tone has changed to 
green and the whites are clear, and is then dried. 
For an emerald -green, bleach in : — 

Potassium fcrricyanide . . 200 grs. {22 gms.) 
Ammonium carbonate . , 4 ozs. (200 gms.) 



Water to . . 20 „ (1,000 c.c.) 

Wash free from stain and treat with 

Ferric cliloride . . -40 grs. (4'5 gms.) 

Vanadium cliloride , . 40,, (4-5 gms.) 

Ammonium chloride . . 80 grs. (9 gms.) 



Water to .... 2002s. (i.oooc.c.) 
Wash for 10 minutes and dry. 

Iron Toning — This hath gives hlue tones, and intensifies 
the image to a considerable extent, especially if the print is not 
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fixed. The following toning Imth (Kodak T-n) may be used 
The quantities in the formula refer to the required amounts of 
10 per cent, solutions of the chemicals named, except where 
Otherwise stated : — 

Water. . . . .21 ozs. (850 c.c.) 

Ammonium persulphate . 1 dr. (g c.c.) 

Iron ammonium alum . . 3 drs. (15 c.c.) 

Oxalic acid (5 per cent.) . li ozs. (Go c,c.) 

Potass, ferri cyanide . . 2 drs. (10 c.c.) 

Ammonium alum . , \\ ozs. (50 c.c.) 

Hydrochloric acid . 2 drs. (10 c.c.) 

The bath should be of clear yellow colour. 

Toning takes 2 to 10 minutes according to the colour desired ; 
each 10 07.. will tone some 350 sq. ins. of print (700 sq. cms. per 
roo c.c.) If toning becomes slow, a further drachm (3 c.c.) of 10 
per cent, hydrochloric acid may be added. 

The image, of ferric ferro cyanide, is soluble in alkalies, and 
the print must be washed, cleared, and fixed if desired, as 
described abovp in connection with uranium toning. 

Gold Toning — A strong gold and thiocyanate toning bath, 
as for P.O. P., will improve the colour of a greenish or rusty- 
black bromide print. Applied after sulphide toning by any 
process, it gives a very line red chalk tone, the tone being 
especially fine if the colour after sulphide toning was yellowish 
as a result of over-exposing and under-developing the original 

Dye-Toning. This process is chiefly of value for trans- 
parencies, but with care it can be applied also to prints on paper. 
The principle involved is that of so treating the image as to 
yield a colourless material which will act as a " mordant " to 
which a dye will adhere firmly. The dye chosen must not, of 
course, stain plain gelatine. 

A copper or uranium toner may be used for mordanting 
a transparency or print (fixing after toning must however, be 
omitted) ; the dye, of any desired colour, reinforcing the toned 
image to give a tone duller than that of the dye alone. Usually 
only a brief toning— as far as brownish black— is required. 
Alternatively, the following bath may be used. In this, bleach- 
ing may be complete, in which case the visible final image is 
formed almost entirely by the dye, or only partial, when the 
final image consists of a mixture of dye with what is left of 
the original image. 
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Copper sulphate . . .175 grs. (20 gms.) 



When dissolved add, slowly and with constant shaking 
2 oz. (ioo c.c.) of a 10 per cent, solution of ammonium thio- 
cyanate. The final solution should be quite free from turbiditv, 
or there will be serious risk of veiling the dyed image. After 
bleaching the image to the desired extent, wash the trans- 
parency or print till the whites are colourless. 

A transparency mordanted in this way is dyed by immersion in 
a bath containing a basic dye, and acidified by the addition 
of 2 to 10 parts per thousand of glacial acetic acid. The con- 
centration of dye may be from 0.05 to 2 parts per thousand of 
bath, depending on the dye used and the depth of tint required. 
The time of immersion may vary from 2 to 16 minutes, accord- 
ing to the concentration of the bath and tile effect desired. 
Dyeing is complete when the image has the same colour on 
both glass and film sides. 

The dye that colours the gelatine as a whole is then washed 
out in successive changes of water, leaving the whites clear, 
If the tint of the image is too intense, it may be lightened by 
brief immersion in water containing a few drops of ammonia 
[2 parts per thousand is suitable) ; if too pale, it may be put 
back into the mordanting batli for further treatment and re- 
dyed. 

For use with transparencies, any of the following dyes, or 
any mixture of two or more, may be used ; this list, however, 
by no means exhansts the possibilities. Mixed tints can be 
obtained, not only by mixing the dyes, but also by partial 
dyeing in one bath followed by rinsing and the continuation 



Potass, citrate (neutral) 
Acetic acid (glacial) 
Water to , 



525 „ (60 gms.) 
2! drs. (15 c.c.) 
18 ozs. (000 c.c.) 




Warm brown Chrysoidine 
Red •Rhodaminc B 




♦Rhodamine S 
Safranine 
Fuchsine 
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Blue-green 
Blue 



Methylene Green 
Methylene Blue 
•Capri Blue 
Victoria Blue 
Methyl Violet 
Crystalline Violet 




The dyes marked with an asterisk are suitable for three- 
colour photography. 

A privt mordanted in the way above described can equally 
well bo dyed, but it is essential that the dye-solution should not 
come into contact with the paper base. The dye is therefore 
applied with a brush, the print, which for safety should have 
wide margins, being squeegeed, face up. to a sheet of glass to 
protect the back. A one per cent, solution of dye, acidified 
with one per cent, of glacial acetic acid, should be used, and 
the dye or dyes should be chosen from the following list : — 

Thioflavine T 
Methylene Blue 
Fuchsine 
Malachite Green 
Methyl Violet 

After dyeing, wash in running water till the slight tinting 
of the whites is reduced no further ; on drying, this tint 
generally lightens, but does not quite disappear. 

For complete removal of the tint, plunge the print, after 
the washing mentioned, into : — 

Potassium permanganate ... 4 gms. 
Sulphuric acid (10 per cent, sol.) . . xo c.c. 
Water to . . . . . . 1,000 c.c. 

Leave it in the bath for \ to 1 minute, wash till the wash-water 
is no longer pink, transfer to a 2 \ per cent, solution of potassium 
metabisulphite, rinse and dry. 



Silver printing-out papers must be toned before fixing if a 
pleasing colour is to be obtained. The process of toning 
consists in depositing gold or sometimes platinum on the 
image. The following toning baths are suitable for ordinary 
P.O.P. 



Ton j.n g P.O.P. 
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A. 


Gold chloride . 
Ammonium thiocyanate 
Water to 


20 
20 


grs. (o-ig gm.) 
(2'0 gms.) 

'.K-..; ^OOU L.L.J 


B. 


Gold chloride 
Borax 
Water to . 


2 

. 120 
20 


grs. (0-2 gm.) 
„ (12 gms.) 
ozs. (SSo c.c.) 


C. 


Gold chloride 
Sodium phosphate 
Water to . 


I 

■ 30 

20 


gr. (O'l gm.) 
grs. (3 gms.) 

OZS. [OVtO C.C.J 


D. 


Gold chloride 
Sodium tungstate 
Water to . 


2 

■ 4° 

20 


grs. (o-2 gm.) 

„ (4 B™ 3 -) 
ozs. (88o c.c.) 



A gives red to purple tones, C red and brawn tones, while 
B and 1> give brown and purple tones. D tones very rapidly, 
with freedom from double tones. 

Prints should be washed in several changes of water before 
toning, until the wash- water is free from milkiness. Toning 
is best continued until hut little warmth can be seen in the 
shadows on looking through the prints. After toning, fix in 
plain io per cent. hypo. 

For Aluumenised Paper, the following toner is suitable : — ■ 
Gold chloride . . .si grs. (0-25 gms.) 
Sodium acetate . . 70 „ {7 gms.) 

Water to . . .20 ozs. (880 c.c.) 

Wash before toning as for P.O. P., and fix in 10 per cent- 
hypo to which a few drops of ammonia have been added. 

Platinum Toning for P.O. P. — This process gives very 
beautiful brown colours. First treat the prints in a 5 per cent, 
solution of common salt, rinse well, and tone in ; — ■ 
Potassium chloroplatinite . 6 grs. (o>6 gm.) 
Citric acid . . . . So (8 gms.) 

Water to . . .20 07s. (880 ex.) 

Wash thoroughly before fixing. 

Chocolate to black tones can be obtained by first toningin : — 
Gold chloride ... 2 grs. (a-2 gm.) 
Sodium bicarbonate . . 4 ,, (0-4 gm.l 
Water to . . .20 ozs. (SSo ex.) 

When a warm brown tone is reached, rinse and transfer to 
the above platinum toner. 
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Combined Toning and Fixing is convenient, but as prints 
continue to tone alter all gold is exhausted, it is easy to obtain 
very impermanent results. The following may be used ; — 

Hypo 6 0*5. (300 gins.) 

Salt . . . . . 20 grs. (2 gms.) 

Lead nitrate or acetate . . 20 [2 gms.) 

Gold chloride . . . 4 ,, (0-4 gm ) 

Water to .... 20 ozs. (1 ,000 c.e.) 
One fluid ounce (2S c.c,} is required for each 30 sq. ins. 
(200 sq. cms.) of print ; the required amount should be 
measured out, used once and discarded. 

The above bath does not keep very well, and it is preferable 
to prepare a stock solution to which the gold is added only 
at the time of use. Weigh out : — 

Hypo . ... . 4 07.. (200 gms.) 

Alum 130 gr. (15 gms.) 

Lead nitrate (or acetate) . 17} gr. (2 gms.) 
Dissolve each separately in 6 oz. {300 c.c.) of water. Bring 
hypo and alum solutions separately to the boil, and mix while 
boiling. When cool, add the lead salt, stir, make up to 20 oz, 
(1,000 c.c.) and allow to stand for several days, after which the 
white precipitate may be filtered out and discarded. 

When required for use, measure out the amount of toning 
solution that will be needed (one ounce for each 200 sq. ins. to 
be toned, or 100 c.c. per 40 sq. dms.) and to each 20 parts of this 
add 1 part of a one per cent, solution of gold chloride. Use only 
the quantity of bath required, and discard after use. 

Selenium Toning. This offers an economical alternative to 
gold or platinum toning, giving tones from brown-black to 
red. Prints must first be fixed and washed. Toning is rapid, and 
the results are permanent. 

The selenium is used in the form of a selenosulphate, which 
may conveniently be prepared thus 

Dissolve 3 parts of powdered selenium in 100 parts of a warm 
20 per cent, solution of anhydrous sodium sulphite (or 40 per 
cent, solution of the crystals.) 

For albumenised and plain salted papers, add 2 parts of the 
selenosulphate solution to 1,000 parts of 30 per cent, hypo, 
(2 c.c. per litre, or about i minim per ounce) while for P.O.P. 
or collodion paper 5 parts per thousand (5 c.c. per litre, or 2 to 3 
minims per ounce) should be used. The toning bath so formed 
keeps well, and each 100 c.c, of bath will tone about 18 square 
decimetres of paper (800 sq. ins. per 10 oz.). 
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Transferotype. A printing paper made by Kodak Ltd. 
which is coated with a soluble gelatine before it is coated with 
silver bromide emulsion. The image can be transferred to 
glass, opal, wood, metal, canvas, or any other substance with 
a smooth surface. The print is squeegeed to the desired 
surface, and kept under pressure. The application of hot 
water causes the soluble gelatine lo melt and the paper can 
be stripped off, leaving the picture on the new support. (See 
also Dry Stripping Paper.) 

Transfer. Term used in connection with the Carbon 
process {'J.v.). 

Transparency, Carbon. A transparency or positive made 
by the carbon process [q.v.). 

Tray. American term for Dish (q.v.). 

Trlchrome Carbro. See COLOUR PnOTor,n,\pnv. 

Trick Photography. A photograph purporting to be a 
record of something that could not, or at least did not, exist. 
The subject is too wide to deal with here, but several books on 
it are available. [Sec Books on Photoghapiiy. See also Poly- 
posis and Spirit Photography.) 

Triethanolamine. (CH : OH.CH 2 ) 3 N = 119. Organic tri- 
amine soluble in water to give a strongly alkaline solution, and 
as an alkali is comparable in strength with sodium carbonate. 
A f) per cent, solution in water has pH = 12.3. Used as an 
alkali in some recent developers of American origin. The 
commercial product also contains a small proportion of mono- 
and diethanolamine, but tlieir presence is photographically 
harmless. 

Trimming. Except in certain kinds of professional and 
commercial work, prints are trimmed to a rectangular form, 
and the edges must be perfectly straight and clean-cut, and 
the comer angles true. Mechanical trimmers ure mostly of 
the guillotine type, and they not only expedite the work, but 
facilitate accuracy. A print can be rapidly cut to a true 
rectangle of any size and proportion within the limits of the 
apparatus, 
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The amateur can, and usually docs, dispense with a trim- 
ming machine, and does the work with the aid of a few acces- 
sories—a metal rule, a set-square, a suitable knife, an oil-stone, 
and something on which to lay the print for cutting. 

For the last-named a sheet of stout glass has many 
advantages, although it tends to blunt the knife quickly. If 
wood, linoleum, millboard or other semi-soft material is used 
it soon gets scored, and prevents the knife cutting clean. In 
any case the knife needs constant sharpening on the oil- 
stone, and it should be of good steel so that it can take and 
retain a keen edge. A pen-knife with an angular point, or the 
knives used by mount-cutters or by shoemakers are all suitable. 
The metal rale should be long enough to trim the longest sides 
required at one cut. 

It is generally advisable to trim a long side first, and this 
should be cut so that it is parallel with vertical or horizontal 
lines in the subject running in the same direction. From near 
the two ends of this side the width should be marked off, and 
the other long side cut. This makes the two long sides 
parallel. The short sides are marked off at right angles with 
the aid of the set square. Not only is the object of the trim- 
ming to secure a true rectangle, but also to remove all parts 
which are not required in the finished picture. This is par- 
ticularly important when no attempt has been made to exclude 
such parts, by masking or otherwise, when making the print. 

With single-weight papers a single cut should always be 
sufficient ; but with double- weight it is better to give two. 
The knife should be run slowly and firmly in close contact with 
the edge of the rule, or there is a risk of its slipping and cutting 
the fingers. 

Tripod. A three-legged folding support for a camera. 
Most modern tripods have a small metal head bearing a tripod- 
screw to fit the tripod -bush on the camera, and hinged to the 
head arc three telescopic tubular legs ending in points. The 
older wooden tripod has folding legs, of which the successive 
sections, each having a trough-shaped cross-section, are so 
arranged that each folds into the one above it. The bottom 
section generally slides into the next for fine adjustment of 
length, which is point of considerable importance when 
working on uneven ground. 

To enable the camera to be held at any angle, a ball-and- 
socket head is very commonly fitted to the modern metal 
tripod, and a useful device for larger cameras may be made by 

&54 



Trisodium Phoaphate 



Tropical Work 



hinging two pieces of wood together, fitting a slotted side- 
strut and winged nut to clamp them at any required angle. 

A tripod is advisable for all exposures longer than I /25th of a 
sec, and for even shorter ones when a long-focus lens is in use. 
To avoid vibration at the moment of exposure, the shutter 
must be released with a flexible (wire) release whenever the 
camera is used on a tripod, and it is important to note that the 
release must on no account be drawn taut. 

Trisodium Phosphate. See Sodium Phosphate, Tribasic. 

Tropical Work. In hot damp climates special precautions of 
various kinds have to be taken, both in the storage and use of 
materials and in their processing. Dry heat is comparatively 
harmless to plates and films ; either can be supplied in hermeti- 
cally sealed tins in which they will keep for prolonged periods 
even in the hottest climates. Once opened, deterioration is 
rapid. The tin should not be opened until actually needed, and 
once exposures have been made development should soon 
follow, as the latent image tends to fade away rapidly. 

If developer, fixer, and wash-water can all be cooled to the 
same temperature, no difficulties need arise, but it is better to 
develop at the prevailing temperature, even if this is high, 
rather than to subject the film to changes in temperature from 
batli to bath. The following developer, containing a large dose 
of sodium sulphate to prevent the gelatine from swelling, can 
be used at temperatures up to 95 0 F. (35° C.) 

Sodium sulphite (anhydr.) . 440 gr. (50 gms.) 
Paraminophenol hydrochloride 60 gr. (7 gms.) 
Sodium carbonate (anhydr.) . 440 gr. (50 gms.} 
Sodium sulphate (cryst.) 850 to 1750 gr. (too to 200 gms. J 
Water to . . . 20 oz. (i.oooc.c.) 

The minimum quantity of sodium sulphate will suffice at 
temperatures up to 85° F. (30° C), but the maximum quantity 
will be required at a temperature of 95° F. (35 0 C). The develop- 
ment time should not exceed 4 minutes at the highest 
temperature, or the film may hegin to reticulate ; this time, 
however, is well in excess of the normal development time. A 
little bromide may be added if there is any tendency to fog. 

After development the plate or film should either be trans- 
ferred direct to a hardening stop-bath (q.v.) or, after a brief 
rinse, to a freshly-mixed hardening fixer. Washing may be 
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performed normally, but should not be too prolonged ; drying 
should be as rapid as possible. To avoid attack daring drying 
by bacteria or insects, the negatives may be dried with the aid 
of alcohol. Alternatively, some mechanical protection (e.g. 
a mosquito-net) may be provided to , exclude insects, and 
bacteria, which liquify the gelatine during drying, may tx- kept 
at bay by replacing the last washing water by a 3 per cent, 
solution of phenol {carbolic acid) or other suitable antiseptic. 

Turn- Table. Device fitted to some stand cameras to 
enable them to be revolved on the tripod without shifting the 
latter. 

Twin-Lens Reflex. See Camera ; also .Miniature Cameras. 
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Under- Exposure. The meaning of this term can best be 
seen by reference to the article on Semsitometry. Briefly, an 
under-exposed negative is one in which exposure has been 
so short that the contrast in the darker parts of the subject is 
insufficient. In an extreme case, detail will actually be 
missing. With a short-range subject, under-exposure is best 
combated by prolonged development in a developer of high 
activity, known to develop up all developable detail. But 
where the brighter tones have received correct exposure, 
prolonged development will produce excessive contrast. An 
alternative, and often more satisfactory procedure, is to use 'the 
method of water-bath development (q.v.) or tile two-bath 
system described under Fine-Chain Development. In many 
cases, where prolonged development was required, but was 
not given, the use of an ultra-contrasty printing paper, or 
alternatively intensification of the negative, is of great 
assistance. 

It is often noticed that a badlv under-exposed negative, 
when held over a dark background anil viewed by reflected 
light, will appear as a fully detailed and well -graded positive. 
In all such canes a greatly improved negative can be obtained 
by bleaching the negative in mercuric chloridc(see Intensifica- 
tion') and then squeegeeing to its wet surface a piece of glossy 
printing paper that has been exposed and developed to a full 
black. This gives a " positive " of quality far better than 
could have been attained by printing from the original nega- 
tive. This positive is then copied with the camera to make a 
new negative. 

Uranium (Fr., Umne ; ltal., Urania; Gcr., JJran). U = 
240. A rare metal never found in a pure state, but as an 
impure oxide, called pitchblende. It is used in the form of 
nitrates for preparing a printing-out paper, and for intensifi- 
cation and toning [if. v.). 

Uranium Printing. The colours obtained by printing with 
uranium salts arc decidedly pleasing, tending to a terra cotta 
or copper colour, though variations arc possible. Paper 
is sensitised by floating on a 16 per cent, solution of uranyl 
nitrate, or by brushing this over the surface, and is dried in the 
dark. The addition of 4 per cent, of either mercuric nitrate or 
copper sulphate to the sensitising solution has been recom- 
mended, 
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Paper is exposed in sunlight under a negative till all principal 
detail is visible, and is then developed by floating on either a 
10 per cent, solution of potassium ferricyanide or a 5 per cent, 
solution of silver nitrate. The former gives a reddish -brown 
image, the latter a greyish image which can be toned, after 
washing, in a combined toning and fixing bath. (See Toning.) 
As an alternative developer, a solution of gold chloride 
{1 : 500) may be brushed over the image, and gives a purplish 
black. After development the prints should be washed in 
dilute hydrochloric acid (1 : 80) and then again washed 
thoroughly. 

Uranium Toning. See Toning. 

Uranyl Nitrate (Fr., Azaiafe d'urare. Nitrate d'uraiie : 
Ital., Azottito di itrav.io ; Ger., -Uranylnitral, Saipclersaures 
Uranoxyd), Uranyl nitrate is prepared by digesting pitch- 
blende in hydrochloric acid, to dissolve out the other metals, 
then roasting with charcoal twice, dissolving the residue in 
nitric acid, and purifying by crystallisation. It is a brilliant 
yellowish-green crystalline salt, very deliquescent. Solubility, 
215 per cent., in cold water, 33-3 per cent, in alcohol, and 25 
per cent, in ether. It is decomposed by light when in contact 
with organic matter into a uranous nitrate. (See Toning.} 

U.S. or Uniform System. Sec Diaphragms. 

U.V. Abbreviation for " ultra-violet." (See Light.) 
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Vanadium Toning. Sec Toning. 

Varnish. A solution of resinous bodies in a volatile 
solvent. When printing was done by contact using printing- 
out papers, which all contain soluble silver salts, it was very 
advisable to varnish all negatives to protect them from silver 
stains. Many formula? for negative varnishes have been put 
forward in the past ; those below are representative. A good 
" hot " varnish is : — 

Best orange shellac . . i\ ozs. (125 gms.) 

Oil of lavender . . . \ oz. (12 5 c.c.) 

Methylated spirit . . .20 ozs. (1,000 c.c.) 
To obtain a varnish that will take pencil retouching, replace 
the shellac with an equal quantity of sandarac. Oil of tur- 
pentine (pure) can be used in place of oil of lavender if preferred. 
Keep in a warm place till dissolved, then add a teaspoonful 
of whiting or prepared chalk, shake, set aside to clear, and 
decant. This varnish is flowed over the warm negative and 
dried by heat. 

For | " cold " varnish, a 2 per cent, solution of celluloid in 
amyl acetate is as good as any. It may be flowed over the 
negative or applied with a brush. 

For films the following water-varnish is suitable ;— 

Borax 300 gTS. (35 gms.) 

Glycerine .... 300 in ins. (32 c.c.) 
Shellac . . . .600 grs. (70 gms.) 
Water 20 ozs. (i.odo c.c.) 

Boil together for about half an hour ; then add 5 ozs. 
(250 c.c.) of methylated spirit, and filter. The negative may 
be soaked in this, or it may be applied with a brush. 

A 10 per cent, solution of gum dammar in benzene (CgH,) 
is also suitable for films as well as plates. They can be 
varnished by submerging them in the varnish and then 
hanging them up to dry. The film must be fully dry before 
the varnish is applied. 

A black varnish may be made as follows : — 

Benzene 1,000 parts. 

Indiarubbcr ..... 6 „ 

Asphalt 300 

Lamp-black Quant, sufi. 
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Varnish for Lantern Slides Varnish Negatives, How to 

Malt Varnish is sometimes used on the back of a negative 

as a basis for pencil work or other retouching. The following 

has been recommended — 

Sandarac 6 parts. 

Gum dammar ..... 6 „ 

Ether ...... 100 „ 

Benzene . . . . . 35 to 40 

The more benzene the coarser the grain, A dye such as 

aurantia, malachite green, or eosin may be added to this 

varnish if required. 

Fixalifor Varnish for Prints, — Prints that have been worked 
up in black and white or are likely to receive much handling 
may be protected by a fine coat of varnish, similar to that 
applied by artists to chalk drawings : this is best done by 
spraying the print all over with shellac fixative, which may be 
bought from the artists' colourman ; or make thus : In a 
wide-mouthed bottle put 1 part of best white shellac, and pour 
over it 7 parts methylated spirit. Cork it up, and leave for 
a day or two, giving an occasional shake up ; then pour off 
the clear liquid, and the varnish will be suitable either for 
charcoal, pastel, or air-brush work. To use this, blow through 
a spray producer (the kind of thing used to blow perfume 
about). Standing well back from the photograph, blow the 
fine spray cloud of fixative evenly all over the print. Do 
not apply too much, or it may collect in patches, then run, 
and prove difficult to get rid of the shiny appearance when dry. 

By spraying thinly two or three times, the print will dry 
without gloss and be perfectly fixed, and safe against future 
injury from rubbing or contact with rough matter. 

For Retouching Varnish, see Retouching. 

Varnish for Lantern Slides. See Crystal Varnish. 

Varnish Negatives, How to. In the case of varnishes which 
are applied cold (see Varnish), the liquid is simply brushed 
on with a broad camel's-hair brush, avoiding streakincss, 
or else placed in a dish containing the varnish, and then lifted 
out and set up to drain and dry in a warm current of air ; 
the unnecessary varnish being easily wiped off the glass side 
with a piece of rag. To apply the " hot " varnishes it is 
necessary to first warm the negative thoroughly, first removing 
all dust, etc., from the film. Balance negative on the fingers 
and thumb of left hand and pour a pool of varnish in centre — - 
about half the area of negative is right — and tilt negative so 
that varnish flows gradually to left-hand bottom corner. 
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When the liquid almost reaches corner, tilt to flow to right-hand 
top corner. When this is reached, flow to left -hand top comer, 
and from there back to left-hand bottom corner, and from 
thence off by way of right-hand bottom comer into filter paper 
which has been arranged in a funnel in the neck of a second 
stock bottle of varnish. Now drain off as much varnish as 
possible, rocking the while. When the last drop falls, take a 
piece of tissue paper and run round the two lower edges, 
removing the varnish which collects there. When this is done, 
take negative by opposite corners, keeping downwards the 
corner from which varnish flowed off, and gently heat once 
more. Then finally put into a rack to dry hard. Varnish 
which may get on to the glass side of negative may be wiped off 
with a piece of rag soaked in spirit. 

Vcctoftraph. A stereoscopic print depending for its effec- 
tiveness on the properties of polarized light. The two prints 
of the stereoscopic pair are produced, in register, on the two 
sides of a thin sheet of transparent polarizing plastic, which is 
then backed with a sheet of metal. The light reflected from 
the two pictures is thus polarised in two directions at right 
angles to each other ; by viewing the composite print through 
spectacles composed of polarizing material, the two eye- 
pieces, which act as analyzers, alsu being set with their planes 
of polarization at right angles, the right eye sees the right- 
eye picture only, and the left eye the left-eye picture only. 
Full stereoscopic relief can be obtained in this way without 
using a stereoscope. 

Viewer. Term applied to an apparatus allowing a print 
or transparency to be viewed under moderate magnification. 
A print may be viewed through a large lens of reading-glass 
type, or by reflection in a concave mirror ; for transparencies 
a lamp or rellector is included to provide the necessary illumina- 
tion. 

it is sometimes claimed for viewers that they will show 
ordinary photographs stercoscopically. This is, of course, 
impossible, as stereoscopic vision in the true sense demands 
that cacb eye shall see a slightly different picture. The effect 
of enhanced relief is nevertheless a very genuine one, and 
can be reproduced to some extent by viewing any photograph, 
but particularly an enlargement, with one eye closed. 

The apparent relief would appear to be due to two distinct 
causes. First, it must be recognised that the ordinary con- 
tact print is never seen in correct perspective ; for this, it is 
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necessary that the print subtend at the eye an angle equal to 
that which the original view subtended at the lens. This 
can only be achieved when the distance from the eye to print 
is equal to the distance between lens and hlra in the camera- 
appro sim ate ly, that is, to the focal length of the lens. By 
enlarging the print by means of a lens [or by making an 
enlarged print from the negative) the angle subtended by 
the print at the eye is increased, so giving a closer approach • 
to correct perspective, and increasing the impression of reality 
created by the print. [Sec Perspective.) 

The second contributory cause is closely related to true 
stereoscopic vision. As long as a print is seen with two 
eyes, it can definitely be seen that it is Hat, and however 
convincingly true the perspective may be, the obvious and 
unmistakable flatness of the paper surface remains. But if 
one eye is closed, the fact that the print is flat is no longer in 
evidence, and the suggestion of the recession of planes pro- 
duced by the perspective ceases to be contradicted. The eye, 
having no other evidence to guide it, is then able to accept 
the impression of depth produced by the perspective of the 
print, and so is able to believe that the scene realty is solid. 
See Stereoscope Photography. 

Vlew-Ffnder. A small instrument attached to a camera 
so as to indicate what portion of the view in front of the 
camera will actually be included in the negative. To the 
Frenchman a finder is a " viseur," or viewer, while the less 
optimistic German is content to call it a " seeker " (Sucher). 
Except where the image formed by the taking lens can be seen 
upon a ground-glass screen, as with a stand or single-lens reflex 
camera, a view-finder is a necessity tor work of every kind. 

Owing to the fact that a camera is now usually used at eye- 
level, the commonest type of finder at the present time is the 
" direct -vision optical " finder. This consists of a negative 
lens cut or masked to the shape of the negative, with a positive 
eyepiece about an inch behind it. In this a brilliant reduced 
image of the view is seen, right way up and right way round. 
In the folding type the lenses arc held in a pair of frames which 
fold down flat on the top of the camera, but in an alternative 
form they are fitted at opposite ends of a rectangular tube 
mounted on the camera body. For reasons of compactness, 
the latter form generally gives a smaller image, in which the 
Doundaries of the picture are of necessity less definitely 
determined, 
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An alternative form of direct-vision finder is similar in 
mechanical construction to the folding optical finder, but the 
front frame contains no lens, and the Ions in the hack frame is 
replaced by a small peep hole. When the eye is brought close 
enough to this to see the whole outline of the front frame, it is 
at the right distance from it to sec through it approximately 
the field of view included by the camera. The distance from 
frame to eye bears the same ratio to the focal length of the lens 
that the length of opening in the frame bears to the corre- 
sponding side of the negative. In this type of finder the frame 
is so near the eye that its outline is seen very blurred, so that 
again the exact boundaries of the picture cannot be accurately 
determined. 

When made with the frame much larger, and correspondingly 
farther from the eye, the frame finder becomes very accurate, 
and owing to the fact that objects outside the actual field of 
view can be seen it is a type much used in photographing 
moving objects. It usually takes the form of a wire frame, the 
size of the negative, mounted over the lens, with a peep-hole 
for the eye in the plane of the plate. Cross-wires in the frame 
facilitate centring, and if one lens is changed for another the 
finder remains accurate so long as the lenses used are not of 
telephoto construction. 

The finder devised by Van Albada, and known by his name, 
is an ingenious version of the frame finder. The eyepiece is of 
plain glass, and lias engraved on it a frame (or frames) marking 
out the limits of the picture. The front glass is of larger size, 
and is a half-silvered mirror. The inner surface is ground to a 
concave shape, so adjusted that the reflected (virtual) image of 
the frame on the eyepiece is at infinity. Its outer surface is 
ground parallel with the inner one, so that, when looked 
through, it is equivalent to a plain flat piece of glas"s. The 
view is therefore seen natural size, with the image of the frame 
superposed on it to mark out the limits of the picture. 

The brilliant finder is used at waist-level, and takes the form 
of a small box in the front of which is a lens of short focus. 
Behind it is a mirror, at an angle of 45°, which deflects the 
image upwards, where it is seen through a second lens, wluch 
is surrounded by a mask of suitable size and shape. The 
image seen is very brilliant and is upright, but reversed from 
right to left. In certain cameras, designed on the lines of a 
twin -lens reflex, the top lens of the brilliant finder is practically 
as big as the actual negative made by the camera, and in 
one form a spot on the top lens is matted to act as a kind of 
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coupled ran Re- finder, view-finder and taking lens moving 
together for focusing. 

The ground -glass finder is like a brilliant finder in con- 
struction, but the picture is seen on a tiny ground -glass screen. 
In this case a hood or shield is necessary if the image is to bo 
seen in a bright light. By providing this hood, enlarging the 
finder, and replacing its lens by a properly-corrected anastigmat 
matched to the taking lens and moving with it for focusing, 
we arrive at the " focusing finder," or " reflex finder " of the 
twin-lens reflex. In a single-lens reflex, of course, taking lens 
and finder lens are one. (See Camera.) 

A " universal " or " multiple " finder is used for certain 
miniature cameras fitted to take interchangeable lenses. 
Most optical finders, particularly those of Albada type, can be 
ruled with lines showing the field of view corresponding to 
different lenses, while in one case a tubular finder is fitted with 
a contracting mask, with the focal length of the lenses marked 
against the revolving ring by which the size of the mask is 
adjusted. Another finder of multiple type lias a series of 
lenses arranged, turret-head fashion, so as to allow immediate 
adjustment to suit the taking lens of the camera. Finders 
of this more advanced type are elaborate optical instruments 
of high precision and correspondingly high price. (See also 
Miniature Camera.) 

Viewing Filter. See P. V. Filter. 

View- Meter. An instrument showing the view that will be 
included by a camera, an adjustment often being fitted so that 
the effect of using lenses of different focus can be studied. 
It usually consists of a frame that can be supported at varying 
known distances from the eye. In principle, it differs from a 
frame finder (17.11., in article View-Finder) only by being 
designed for use apart from a camera. Frequently a blue 
glass or P.V. filter {q.v.) is fitted to allow the possibilities of the 
subject as a monochrome reproduction to be estimated. 

Vertical Enlaiger. See Enlarging, 

Vignetting. This consists of shading off the margins of a 
picture so that the figure or subject gradually fades away. 
Vignetting is most simply done when enlarging ; by holding 
between lens and bromide paper a piece of black paper with a 
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suitably-shaped hole in it, an excellent vignette is at once 
obtained. Vignettes in which the image shades off into black 
instead of white (Russian vignettes) can be similarly made, 
using a disc of paper instead of a mask. It is usually easiest 
to make a print in the normal way, and then to darken down 
the edges by direct light, without the interposition of the 
negative. (Sec also Enlarging.) 

Vulcanite. Another name for Ebonite (j.d.). 
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Wnsliinft. Negatives and prints are washed after fixation 
in order to remove the hypo contained in the gelatine and 
paper, and the permanence of the image depends very largely 
upon the thoroughness with which this is done. It has been 
estimated that an amount of hypo not exceeding O'Qoi gm. 
in each hundred square centimetres (or oooi gr. per sq. in.) 
may be regarded as harmless to a negative. 

Washing is best regarded as a process of successive dilutions. 
By putting a plate containing I gm. of hypo into 100 c.c. of 
water, rocking till the hypo is uniformly distributed (about 
2 minutes) and pouring off all but the 5 c.c. or so adhering to 
and contained in the gelatine of the plate, the hypo is reduced 
to 1 /20th its original amount. Each successive such washing 
similarly divides the amount of remaining hypo by twenty ; 
four such washings will reduce it to i/i6o,oooth of its original 
amount. Provided that the plate is held under the tap for an 
instant on first removal from the hypo, so that only the hypo 
actually in the gelatine is taken to the first wash- water, four 
2 -minute changes, with continuous rocking, provide more 
than sufficient washing. For a film, which has gelatine on 
both sides of the support, one extra change might be advisable. 
Negatives can be completely freed from hypo by adequate 
washing. 

Prints can be washed, singly, in the same way, but here a 
sixth change will lie called for to allow for the extra hypo in the 
paper support itself ; also, each immersion should last longer 
{say 3 minutes) to allow for the greater thickness of material 
from which the hypo has to diffuse out. But although this 
treatment will remove from prints all the hypo that is capable 
of being washed out, it is now known that the fibres of the 
paper will always retain, no matter how prolonged the washing, 
enough hypo to cause eventual fading, especially if the image 
is susceptible to hypo, as is the image on gaslight or chloro- 
bromide paper. This retained hypo can only be removed by 
the use of a hypo -eliminator (tj.v.). 

In practice, proper washing is much more troublesome than 
the above notes would suggest, as it is seldom convenient to 
devote full attention to each print or film individually. Run- 
ning water is usually advised for washing, but as the replace- 
ment of the water is here gradual, enormously more water is 
needed for effective washing. It is particularly to be noted 
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that if a negative is laid at the bottom of .1 deep dish, and 
water is allowed to run slowly in at one end of the dish and 
overflow at the other, there may be practically no movement 
of the water in actual contact with the negative, and effective 
washing may take many hours. If, instead of a single 
negative, a pile of prints lies in the dish, hypo from the bottom 
print will have to find its wav through all the others before it 
can be washed away. After befog Itett all night in such con- 
ditions, the bottom print may well be less free from hypo than if 
it had been held under the" tap for twenty or thirty seconds. 

Proper washing entails the free access of water to the surface 
of a plate, or to both sides of a film or print, combined with 
either a continual flow of water over it or successive replace- 
ments of the water. Apart from the many individual systems 
used by amateurs, there are automatic washers of many types 
on the market, and it would be impossible here to discuss the 
efficiency or otherwise of each. The two sketches attached, how- 
ever, suggest means by which a sink or bath may be con- 
verted into a reasonably effective washer, in which at least 
a certain minimum of movement of the water is ensured. 

Prints may be washed in batches by leaving them in water 
for a short while, then removing them, placing them in a pile 
on a non-absorbent surface, and expelling the water from them 
with a roller squeegee. The vessel is emptied, rinsed, and 
refilled with fresh water, and the prints arc returned to it one by 
one. This process is repeated every six or eight minutes ; after 
ten or twelve such changes the 'prints may be regarded as 
reasonably well washed. 

Alternative ly, two dishes of water may be used, and the 
prints transferred, one by one, from the first to the second ; 
the first is then refilled with fresh water, and the prints arc 
transferred back to it in the same manner. Again ten or 
twelve changes should suffice. 

The completeness with winch hvpo is removed by his own 
particular method may be checked as follows by any 
photographer who cares to do so. 

Prepare the following solution : — 

Potassium permanganate . n grs. (1 gtn.) 
Sodium carbonate . . . tz „ (f 5 gm.) 
Water ..... 20 ok;. (t,oooc.c.) 

Collect the drainings from several prints or negatives in a 
glass vessel, and in a second vessel take an equal amount of 
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uncontaminated water. Add one drop of the above to each ; 
if the colour persists as long in the drainings as it does in the 
uncontaminated water, was lung may be regarded as complete, 
(See also Hypo Eliminators.) 

Washing Soda. An impure form of sodium carbonate {7.11.). 

Water. HjC^iS. For all normal photographic purposes 
ordinary tap-water is sufficiently pure. Of the impurities 
which it is liable to contain, the most harmful is probably 
dissolved air, which will oxidise to some small extent any 
developer made up with it. The air can be effectively expelled 
by boiling the water gently for a few minutes, and water with 
which developers are to be made up should always be so treated. 

Tap-water generally contains some " hardness, " due to 
dissolved calcium and magnesium salts. Some, but not all, 
of the calcium can be precipitated as carbonate by boiling the 
water, but this does not remove magnesium salts. Any 
developer containing carbonate (or a caustic alkali, which is 
always con Li 111 in at ed with carbonate) will throw down a 
slight precipitate when made up with hard water. This 
precipitate (of calcium and magnesium carbonates) can 
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readily be filtered out after the solution has stood for some 
time. By adding sodium hex-am eta phosphate or " Calgon " 
to the water the precipitation can be prevented altogether 
without alteration to the properties of the developer. 

Calcium sulphate often comes out in fine crystals from a 
solution of a sulphite, which almost always contains a small 
amount of sulphate as a result of oxidation. This precipitate 
is again harmless if filtered out. 

It should always be remembered that tap-water is usually 
faintly alkaline ; for certain purposes (e.g., washing after 
uranium toning) this alkalinity must be removed by addition 
of a few drops of acid. 

Waterbath Development. A method of development by 
which the negative is given one or more periods of immersion 
in still water before the process of development is completed 
During these periods the developer in the shadow-portions of 
the negative continues to act on the emulsion until it diffuses 
away but in the high-lights, where much silver halidc has to 
be reduced, it is speedily exhausted. By this means the shadows 
are given more development than the high-lights, enabling 
full shadow-detail to be obtained, with full contrast, without 
allowing the lights to become too dense. Alternate immersions 
in developer and still water are usually given until development 
is complete. See also B. J. Almanac, 103^, p. igi and in 3 . ( , 

Waterbath development is often the best way of making 
the best of an under-exposed plate or film, but is even more 
valuable in dealing with film exposed on a subject containing an 
excessive range of contrast. Although a normally-exposed 
negabve developed in this way can never show theoretically 
comet tone-gradation, it will very often give much more 
satisfactory prints than one in which excessive subject-con- 
trast has been subdued by shortened development. In the case 
of under-exposure, the distortion of the characteristic curve 
caused by waterbath development tends to compensate for the 
false tone-values of under-exposure. 

Two-bath development (see Finegrain Development) is 
another application of the same principle. 

Water-proofing Work Bench. See Blacking. 

Watkins Factor. See Development. 

Wcdfie. A piece of glass or celluloid bearing a deposit of 
silver, mdian ink in gelatine, or other dark material the 
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Wedge Spectrogram Weights and Measures 

density of which is graduated from one end of the support to 
the other. Used in sensitometric work for giving graded 
exposures to sensitive material. In a step-zuedge the gradation 
of density is not continuous, but there are a number of separate 
areas, each of which is denser than the last, but each of which 
individually is of even density. 

Wedge Spectrogram. If in photographing the spectrum a 
wedge is placed over the slit of the spectroscope, with the 
gradation of density running parallel with the slit, the width 
of the spectrum at each point is determined by the sensitivity 
of the negative-material to the wavelength of the light at 
that point. The outline of the photographic image on the 
plate or film thus takes the form of a curve of sensitivity 
plotted against wavelength, and so indicates at a glance the 
colour-sensitivity. For examples of wedge spectrograms, see 
Colou it -Sensitive Emulsions. 

Weights and Measures. The system of weights and 
measures in use in this country is extremely chaotic, and the 
relationships that the various units bear to one another are 
not by any means as simple as convenience might dictate. 
The photographer, especially if he be one of the many who 
regards unnecessary arithmetic ^vith distaste, will do well to 
adopt the metric system, in which case he is never likely to 
be called upon for any calculation more difficult than simple 
multiplication or division by ten, (See Metric System.) 

Ob the supposition that the metric system will be used, 
there follows immediately a simple con vers ion -rule by which 
any formula in English weights and measures may be read 
off, practically at sight, in metric units. It is only the photo- 
grapher who "uses the English measures who will need to read 
on further and wrestle with the chaotic complexities of scruples, 
drachms, minims, and the three different kinds of ounce. 

Conversion of Formui./t; to Metric Units. 

In converting a formula from one system to another it is 
the concentration of the solution that matters, not the total 
volume. There is therefore no need to convert each individual 
weight and volume separately, but we are free to choose any 
fonn of conversion that makes up a solution of the same 
composition in both systems. 

A solution containing 10 grains of solid to each 20 ozs. of 
total bulk is identical in composition with one that contains 
1 gm. of solid in each 875 c.c. of total bulk. If, therefore, we 
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Weights and Measures 

Lave ;t lormula in which the weights of solids are in grains, 
and the total volume to lie made is 20 ozs. (this is the usual 
English form), wt have onlv to read each 10 grains as I gin. 
and put 875 c.c. in place of 20 ozs. Thus ;— 



Mctol iS grs. 

Sodium sulphite . . 500 „ 

Hydrorjuinonc . . do ,, 

Sodium carbonate . . Soo „ 

Potassium bromide . 10 ,, 

Water . . . .20 ozs. 



T'S gms. 
50 .. 

6 „ 
9q ., 

875 C.C. 



This conversion is not approximate, it is absolutely exact. 
If any of the solids are given in ounces, it is sufficiently accurate 
to take each ounce as -no grains. Drachms and scruples are 
seldom used nowadays ; they arc 60 and 20 grains respectively. 
Where a formula is given for a total volume of 10 ozs.. 40 ozs'., 
So ozs., or other figure, it is, of course, necessary to multiply 
or divide the weights given by a suitable figure (z or 4 in the 
cases given) before reading off into the metric system. 

American formulas can be treated according to the same 
rule (10 grains taken as 1 gm.), but in this case the total 
volume in the original formula will probably be either 16 ozs, 
or 32 ozs. Take as 730 c.c. or 1,460 c.c. respectively- If the 
American formula is for 20 oks. the volume required for the 
conversion is ulj c.c, (not ti,^ c.c: the I'.S. fluid ounce is 
larger than the English one). 



Con version of Formula from Metric to British 
Measures. 

A simple reversal of the above rule enables metric formula? 
to be converted directly into British. Starting with a formula 
expressed in grams, and for a total bulk of 1,000 c.c. (one litre), 
call each gram 10 grains, and make up to a total bulk of 
22f ozs. This conversion is absolutely exact, but it will be 
more convenient and quite near enough to make the total 
bulk 23 ozs. The well-known D70 formula, for example, 
converts thus : — 



Metol 1 gms- 

Sodium sulphite . ioo ,, 

Hydroquinone . . 5 „ 

Borax . . . 2 ,, 

Water . . . 1,000 c.c. 

■11 f>jl 



20 grs. 
1,000 , t 

so „ 
23 ozs. 
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British ami American Weights axd Measures. 

In following out the complexities ot British and American 
systems it is easiest to start with the grain, which is the same size 
in both British systems and in the American system as well. 

Small weights are generally given in grains nowadays, but 
the weights sold are generally marked in scruples and 
(apothecaries') drachms, which arc rcspcctivelv 20 and 00 
grains.* The ounce of the British and American avoirdupois 
systems contains 437,; grains, whereas the British apothecaries' 
ounce contains 4 No grains, or S drachms. In a British photo- 
graphic formula " 1 ox." may mean either of these if no 
delinite indication is given, but there is a strong tendency at 
present to prefer the avoirdupois ounce. An American ounce 
is always 437. 1 grains, and this is also the weight of " one 
ounce " of a chemical as bought. If the formula calls for 
one apothecaries' ounce of a substance (4S0 grains), an " ounce 
bottle " will, of course, not contain enough. 

Fluid measure is distinctly cliff tcult. A fluid ounce con tains 
4.37' grains, or one avoirdupois ounce, of pure water; but 
for smaller volumes than this the fluid ounce is divided into 
4 So minims, corresponding to the division of the apothecaries' 
ounce into 4S0 grains. A minim of water thus weighs less 
than 1 grain, actually about 0-91 grain. A fluid drachm is 
one-eighth of a iluid ounce ; it contains 60 minims and weighs 
some 54-6 grains. 

The American fluid ounce is larger than the English one ; 
an American ounce of water weighs 436 grains, or about per 
cent, more than an English ounce. Pints, quarts, and gallons 
are equally troublesome : the English pint is 20 ozs., the 
quart is 2 pints, and the gallon 4 quarts, or 160 ozs. The 
American pint contains only 1 6 ozs., but as these are American 
ounces, the American pint is equivalent to about ifi* English 
ounces, while the American quart (32 ozs. American) ia 
33.', English ounces, and the American gallon (128 ozs. 
American) is about 133. 1 , ozs. English. Compared with the 
English gallon of 160 ozs., this is distinctly short measure, 
and it is important to know to which side of the Atlantic a 
formula owes its origin. As American formula; are often 
copied into English books and magazines without change, it 
is safest in every case to take the metric version if one is 
given, converting it to English measures if desired by the rule 
set forth above. 

* The dralhm tit Lot Avnirdupols systrm, onc-sixtitnth of an Avoirdupois oi:ncr, 
cml.-iins grabs, Fnrtuniltely it is nevtr n«d In photographic lormulx. 
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By comparison, linear measures are easy'. Both in Britain 
and in America the inch measures 25-4 millimetres, 12 inches 
go to a foot, and 3 feet make a yard. If the focusing scale 
of a camera is marked in metres, remember in estimating 
distances that the metre is " a good long yard " — not so very 
long, however ; it measures only about 3 J inches, or some 
g per cent., over the 3 feet. 

Percentage Solutions and Parts 

Percentage Solutions. — A 10 per cent, solution is one con- 
taining io parts of solid in 100 parts of solution, or loo gms. 
of solid to 1,000 c.c. of solution. If the solution is to be 
measured out in minims, with the idea of making 10 minims 
contain 1 grain, then the solution should be more concentrated 
than 10 per cent, to allow for the fact that the fluid ounce, 
though weighing but 43 7 J grains, contains 4 So minims. One 
ounce avoirdupois of solid should in that case be made up to 
a total bulk of g-i ozs., or 9 ozs. 55 minims. This, though 
actually an 11 per cent, solution, is often convenient for 
practical use, particularly for solutions of potassium bromide. 
When a 10 per cent, solution of this chemical is specified in a 
formula, an 11 per cent, solution is almost invariably meant. 

Parts.- — A formula given in "parts" is to be read as 
expressed in the same units throughout ; the actual value of 
the unit depends on the amount of solution required. The 
simplest way is to regard " parts " of a solid as grams, and 
"parts" of a liquid as cubic centimetres. This gives a 
straightforward formula in metric units, which can be con- 
verted to English measures if desired by the rule given above. 

Tabues of British and American Weights and Measures. 

British and American Weights. 

1 grain (apothecaries, avoirdupois, or American) 

= 0-0648 gm. 
1 scruple = 20 grs. 

— 1-296 gms. 
1 drachm = 60 grs, 

— 3-838 gms. 

1 ounce avoirdupois or American = 437^ grs. 

= 28-35 f?™ s - 

1 ounce apothecaries = 480 grs. 

= 31-10 gms. 

1 lb. avoirdupois or American - 16 ozs. (avoir.) 

= 453-57 gms. 
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British Fluid Measure. 

1 minim 

i drachm 

i ounce 
i pint 
I quart 
i gallon 

American Fluid Measure. 
J minim 

i ouncu 
i 



i quart 
i gallon 



tin oz. 

0 0592 c.c. 
60 minims. 

1 oz. 

S^iS ex. 
480 minims. 
28-41 c.c. 
20 ozs. 
568' 245 c.c. 
40 ozs. 
1136-5 c.c. 
4 quarts. 
4.546 c.c. 



^ i n oz. 
00O161 c.c. 
29' 574 cc. 
16 oz. 
473-18 c.c. 
32 oz, 
946-36 c.c. 
12S oz. 
3785-43 c.c. 



Linear Measttrt 



(British or American.) 

<= 25- 40 mm, 

= 12 ins. 

= 30^46 cms. 

= 36 ins. 

■» 9139 cms. 

39-37011 ins. = 100 cms. 

= 1 metre. 



1 inch 
1 foot 

1 yard 



Square Measure. (Uritish or American.) 
1 sq. in. 

1 sq. ft. 
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645 sq. mm. 
6- 45 sq, cms. 
144 sq. ins. 
929 sq.cms. 
0 0929 sq. m. 
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Tables of jMetric Weights and Measukks, 
Marie Weights. 



i milligram 


= 


Tih 11 gnu 






0 015432 gr. 


i centigram 








= 


o- 15432 gr. 


i decigram 


= 


,',7 Em. 


i gram (the unit)* 


= 


1-5432 fir. 


= 


I5-433 gr. 




- 


0-03527 oz. 


i hectogram 




100 gms. 






1543 2 gr- 






3 527 ozs. 


i kilogram 




1,000 gms. 






35-27 ozs. 






2-2046 lbs. 



* Note that the gram is the weight of one cubic centimetre 
of pure water at a temperature of 4° C. This supplies the 
relationship between linear measure (centimetres), measures 
of volume (in cubic centimetres) and the unit of weight. 

Metric Fluid Measure. 

1 c.c. = xtmnit litre.* 

= 10' 89 minims. 

= 0-0352 oz. 
1 litre = 1,000 c.c* 

= 35-196 ozs. 

= if pints approx. 

* Note. — Officially the millilitre, not the cubic centimetre, 
is the thousandth part of a litre. The difference between the 
two, 37 parts per million, or two drops per gallon, is only 
detectable in scientific work of reancd precision. 

Metric Measures of Length. 

1 mm. — , n metre. 

= 0-0394 in. 

1 cm. = 1 ; ,, metre. 

= 0-394 in. 

1 metre (the unit) = 39-3701 ins. 

- 3-2808 ft. 

= 1-094 yds- 

I km, = 1,000 metres. 



675 



1094-2 yds. 
0-6214 mi]e - 



Weigh* 

Metric Square Measure. 

i sq. mm. = r , nn i >mn , sq. m. 

= 0 00155 s 1- * n - 

1 sq. cm. itefan sq. m, 

= 01552 sq. in. 

joo sq. cms. r= 1 sq, dm. 

= iln sq. m. 

= 15-52 sq. ins. 

I sq. m (the unit). = 1551-6 sq. ins. 

= to- 775 sq. ft. 

CONVERSION TABLES. 

Although the preceding tables of British. American and 
metric weights and measures give all the necessary multipliers 
and divisors for converting from any system to either of the 
others, or converting from one unit to another in the same 
system, calculation can often be avoided by making use of 
the tables below. 

Attention is particularly drawn to Tables I to III, which 
make it easy to bring a formula in English or American 
measures into the standard form (solids all in grains, total 
volume 20 ozs.) which is taken as a. basis for the very simple 
method given on page 1170 for conversion into the metric system, 

TABLE I. 

Avoirdupois and America:; Ounces to Grains, 







0 ::. , 




3} 


1 , 6.( 0 


7i 


3.172 




I.750 


7i 


3.281 


1 


1,859 


7i 


3,391 




1,969 


8 






2,078 


H 


3.7^8 


5 


2,187* 


9 


3,937* 


it 


2,297 


St 




5i 


2,4013 


10 


4,375 


2,516 


II 




0 


2,02", 


II 


5.250 


! 6i 


2.734 


13 


5.6S 7 i 


61 


1.844 


14 


O.125 


n 


2,953 


15 


6,562$ 


7 


3,062* 


16 


7,000 



i iiSj 
i 328i 
1 137! 

*i 54^5 

1 I p 

2 875 

2I 1,094 
if 1,203 

3 hi*H 
ii 1.422 
3l 1.531 

The Avoirdupois draclmi of 27?, 1 grains is not used in 
photographic formula:. When a drachm is mentioned it is 
always, both in England and America, the Apothecaries' 
drachm of 60 grains. 
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TABLE II. 
Scruples and Drachms to Grains, 



Sr-Ul-Sr BnfcM Dfittiu 




5 




J 


ID 


J 




15 






20 






30 


X 


2 


£> 




3 


so 


I 


4 




5 


100 


I 


6 


120 








I 



15 

45 
60 
120 
180 
240 
300 
360 
420 
4S0 



TABLE III. 
Apothecaries Ounces to Grains. 



i. . * 





I20 


31 


I .Soo 


! 


240 


\ 


1,920 




3Q0 




2,040 
2.160 


1 


.(So 




ii 


600 


4 


2,280 


t\ 


720 


5 


1.400 




840 


5i 


2,520 




QUO 


5k 


2,640 


a 


1,080 


si 


2,760 




1,200 




2,SSo 




1,320 


61 


3,000 


11 




61 
6i 


3,120 i 
3,240 i 






7 


3.360 



i 1 

h 
10 
it 
12 
13 
14 
*5 
16 



3,480 
3,600 

3.720 
3,840 
4,o3o 
4,320 
4,56o 
4,800 
5,280 
5.76o 
6,240 
6,720 
7,200 
7,680 
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TABLE IV. 

Grains vmt English Pint (20 ons.) to Grmis pkii Lithe 



rTi.it Gram- i*r LUre Gr\i:n iot I'Lit Gr-i it,'; per Litre 



1 0-11404 70 7 -9825 

2 0*22807 80 9*1328 

3 0-3421 90 10263 

4 O-4561 IOO II '404 

150 17*106 
20O 22-807 

300 34-aii 
400 45614 
9 10263 5°° 57° l8 

10 1*1404 600 68-421 

20 2-2807 7°° 79-825 

30 3-42 1 1 800 91*228 

40 4*^614 900 10263 

50 5-7018 1,000 114*04 

60 6*8421 2,000 228*07 



TABLE V. 



Ounces per English Pint to Grams pes Litre, 



Our i (Ay.) 
per 


GtM-XlilK 


C-irct. fApoti) 

per na 


Cm rer Litre 




1-1*473 


i 


13-68 


1 


24-945 


| 


27*37 








41*05 


1 


49*89 


I 


54-73 


2 


90 78 


2 


10946 


3 


149*67 


3 


164*19 


4 


199*56 




2I8-92 


5 


340 45 


l 


273*65 


6 


299*34 




328*38 
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TABLE VI. 

Grains per American Pint (16 oz. 

Grams per Litre. 



Amer.) to 



<~-t;;'ii ■ . I ... i.i.'.tr: [.i!r ■ 



C.i.\l:. i . t 



I 


0-13695 




2 


n -17 ion 


So 


3 


041085 


9° 


< 

I 


0-54780 
0-68475 


100 
150 




0-82170 


200 


7 




300 


3 


1-095&0 


400 






500 




I -3695 


Coo 


20 


2-730D 


700 


30 


4-1085 


800 


4 o 


5-4780 


goo 


5o 


6-8475 

8-2170 


1,000 


60 


2.000 



9- 5865 

10- 9560 

1 2 3-55 
13-695 

20-543 
27-390 
41-085 
,i-t'7So 

'^■475 
82-170 
95-865 

109-560 

123-255 

136-95 

273-90 



TABLE VII. 

Amebic an Ounces pet? American Pint {16 oz.) to Grams 
per Litre. 

[ ci 1 .t If -;t 1 *:•..: "■. • 7:! I'lat Ctani.-. rsr U.t 

i 14-98 2 11983 

2906 3 I7 9-74 

i -14 '94 4 239-66 

I 59-g.l 5 299-57 

[| 89-87 G 359-4 8 
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TABLE VIII. 



Grams per Litre to Grains per English Pint (20 01.). 



Gnu : ! i:r- 



0-1 


Q-SS 


0-2 


1*75 


0 -3 


3 -63 


°;4 


3 51 




4*38 




5-26 




614 


o-8 


7-02 


09 


7-S9 




8-3 


i 


17-5 


3 


26-3 


4 


35'i 


5 


43-S 


6 


52-6 


^ 


61 -4 



. ! T UtT* 



r- ■ 



3 

9 
10 
2{J 

30 
40 
50 

6a 

II 
90 
100 

150 
200 
3™ 
400 



70-2 
78-9 
877 

263 

351 
43s 

e 
70* 

7S9 
1.315 

1.754 
3.5o3 
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Table IX 

Grams per Litre to Ounces and Grains per Pint. 

Clij.. j-ct ! .it|r Av. ..r awl Kl. ; cr r»> Arwt l-nlcr.fM rtrt 





Oz. 


Gi. 


O2. 


Gr. 


50 


1 


° 


— ■ 


43S 


55 


1 


44 


1 


2 


60 


1 


So 


1 


46 


65 


1 


IJ l 


1 


9o 


70 


1 


176 


1 


134 




1 


220 


1 


1/7 


80 


1 


264 


1 


221 


c 

85 


1 


309 


1 


265 


90 


1 


352 


1 


309 


95 


1 


39° 


1 


353 


100 


2 


2 


1 


398 


110 


2 


90 


2 


4 


no 


2 


177 


2 


92 


125 


2 


221 


2 


136 


130 


2 


265 


2 


179 


140 




353 


2 


267 


150 


3 


3 


2 


355 


16a 


3 


91 


2 


442 


1 70 


3 


178 


3 


51 


*M 
1 So 


3 


222 


3 


95 


3 


206 


3 


139 


1 go 


3 


354 


3 


22(3 


200 


4 


4 


3 


3M 


210 


4 


92 


3 


402 


2x0 


■t 


179 


4 


9 


115 


■1 


223 


4 


53 


230 


4 


267 


4 


97 


240 




355 


4 


1S4 


250 


5 


5 


4 


272 


260 


5 


93 


4 


360 


270 




180 


4 


447 


*75 




22.} 


5 


12 


280 




268 


5 


56 


290 


5 


356 


5 


143 

211 


300 


6 


6 


e 


310 


6 


94 


5 


319 


320 


6 


l8l 


5 


40O 


325 


6 


225 


5 


45° 


33o 




269 


0 


*4 


34° 


6 


357 


6 


102 


35o 


7 


I 


6 


189 


375 






6 


409 


400 


I 


S 


7 


148 
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Table X 

Grains Per AMERICAN Pint (16 oz.) 
To Grains Per English Pint. 



jttm 



Gmuij i:erKai-Ii:h 



Ci.-.'l:: ■ i ■ . 

T :.:t 



r.nii,,, per E oe i»h 

pint 



I 0 
I 5 

4-0 

5 -a 
6o 
7'o 
8 'o 
g -a 
to -a 
15 -o 
2a 'O 
25 'a 
30 o 

35 

40 a 

45 -o 
50 o 
60 o 
70 'O 
So 'O 
90 -o 

TOO O 



15a 
xaa 
-5° 
300 
350 
400 
4S° 
500 
600 
700 
Moo 

IjOO 
1,000 

1,500 

2,000 
2,500 
3,000 
3.5O0 

■1,'J'HJ 
4,500 
5,000 

<j,00O 

7,000 

N.OOO 



1S0 

340 
300 

3(» 

41a 
4S0 
540 

600 
720 

330 

959 
1,079 
1.199 
1.799 

a.39y 
2,993 
3.538 
4,19a 
4.79s 
5.397 
5.990 
7.196 
s.395 
9.594 
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Table XI 



Ounces Peic American Pint (16 oz.) 
To Ounces (Av, and Apotii.) Per English Pint. 



Ox per American 
pnt 



I 

ii 
tl 
*i 

2 

*k 

t] 

1 
}l 

6i 

I' 



Or, (Av.) r 

E:: ! 




Ox. (ArcUi.) 1:1.! : -I't't 




Oz. 


Gr. 


Oz. 


Gr. 


o 




0 


131 


□ 


263 


0 


263 


□ 


394 


0 


394 


1 


88 


1 




I 


219 


1 


176 


1 


350 


1 


30B 


2 


43 


I 


43 3 


it 


174 


2 


89 




3°5 


2 


220 




43<3 


2 


352 


3 




3 


3 


3 




3 


134 


3 




3 


265 


4 




3 


39f> 


■1 


21S 


4 


48 


4 


349 


4 


179 


3 


^ 74 


4 


4+ i 


5 


436 


5 


223 


6 


261 


6 


t> 


7 


85 




20S 


i 


34 S 


7 


50 




173 


7 


313 


s 


435 


a 


95 


0 


260 


8 


35S 
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TABLE XII. 
Inches to Centimetres. 



111'! j 




ll.c!:-' 


i>i,um:!nc3 


I 


2 54 


13 


3302 


2 


5-o8 


14 


35-56 


3 


7-62 


15 


33-10 


4 


10-16 


IQ 


40-64 


5 


1 2 -70 




43-18 


fi 


15-24 


iS 


45 7* 


I 


17-78 


19 


48-26 






20 


50-80 


9 


32 -86 


25 


63-5° 


IO 


25-40 


30 


76-20 


II 


2 7 *| 


3« 


91-44 


12 


3048 


39-37 


100 



TABLE X1IL 
Fractions of Inches to Millimetres. 





L 


0397 






0-794 


t 


\ 


i-iQ 






i-59 




■ 


1-98 






a-JB 


1 


\ 


2-78 






3-i3 






3-57 






3 97 






4 '37 






4-76 




I 






5 56 


I 


595 




6-35 



Jus. 




13-10 

13 W 

13- 89 
1429 

14- 68 

15- 08 
15-48 

15- S75 

16- 27 

16- 67 

17- 07 

17- 46 
17S6 

18- 26 
18-65 
1905 



19-45 

19- 84 
2024 

20- 64 

21- 03 
21 '43 

21- 83 

22- 225 

22- 62 

23- 02 

23-42 

23- 81 

24- 2I 

24- 6I 

25- 00 
25-4O 



One sixty- fourth of an inch is equal to 0-396875 mm. 
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TABLE XIV. 
Centimetres to Inches. 



C^C I L t f II] C it f > 


Inches 




Int-litr, 


i 


□ ■39 


15 


591 


2 


°/9 


20 


7 -e 7 


3 


PI8 


30 


11B1 


4 


t-57 


40 


1575 




i-97 


50 


19 69 




2-36 


60 


23-62 




2-76 




27-56 




3'I5 


6 


3i 5° 


9 


354 


90 


35'43 




3 '94 


100 


3937 






1 





TABLE XV. 



Square Inches to Square Centimetres. 



?1- Int. 


Sq. Gnu. 


Im. 


Sq. Cum 


I 


6-45 


60 


387-10 


2 


12-90 


so 
90 


451-61 


3 


19-35 


516-13 


4 


25-81 


5S0-O4 


1 


32-26 


100 


645 -2 


38-71 


200 


13903 


i 


45-i6 


300 


1935-5 




51-61 




2580-6 


9 


58-08 


500 


3225-8 


ip 


64-52 


600 


3871-0 


20 


129-03 




45i6-i 


30 


I93'55 


800 


5161-3 


4° 


258-06 


900 


5806-4 


jo 


322-58 


[.000 


6451-6 
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TABLE XVI. 
Square Centimetres to Square 



Sq, l. 


■•.■i- i - 




°-i55 


200 


31-00 


0-310 


300 


40-50 




40a 


62-00 


0-620 


500 


7750 


0-775 


600 


93 00 


0930 


700 


10850 


1-085 


Soo 


124-00 


1240 


900 


I39-50 


' "395 


1,000 


155-° 


1 -550 


1,500 


233-5 


310 


2,000 


3100 


4-65 


3,000 


465-0 


6-20 


4,000 


6200 


775 


5,ooo 


775*0 


9-30 


6.000 


930-0 


10-85 


7,000 


1085-0 


13-40 
13-95 


8,000 


1340-0 


0,000 


I395- 0 


15-50 


10,000 


1550*0 



I 

2 

3 
+ 



9 
10 
20 
3f 
4° 

B 

8 
90 
100 



TABLE XVII. 
Grains into Grams. 





Grama 


Grain; 


Grams 


I 


0-065 


20 


1*296 


2 


0-13 


21 


1*361 


3 


0194 


22 


1-426 


4 


0-359 


23 


1*490 


i 


0-324 


24 


1*555 




O-389 


25 


] '620 


7 


0-454 


26 


1-68 


X 


0* jl'S 


37 


1-750 


9 


0*583 


28 


1*814 


in 


0-648 


39 


i*S8o 


tt 


0-713 


30 


1*944 


[2 


o-775 


35 


2-268 


'3 


0-843 


-lO 


2-593 


14 


0*907 


43 


2-916 


1 5 


0-972 


5° 


3-240 


Ki 


1-03; 


55 


3-564 


'7 




60 


3-S8S 


13 


1*166 


65 


4-212 


19 


1-232 


70 


4*536 



Grains 


Grain* 


75 


4860 


So 


5184 


S5 


5-508 


90 


5-832 


95 


■5-156 


100 


i*r 4K0 


150 


9*7* 


200 


12-96 


250 


1630 


300 


19-44 


400 


25-92 


500 


3240 


600 


38-88 


700 


45*30 


800 


5I-S4 


900 


58-33 


1,000 


64-80 


2,000 


129-6 


3.000 


194*4 
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TABLE XX. 
Grams to Grains. 



o-i 
o-3 
o-4 

°'5 

07 
08 
o-g 
1 

1 
3 
4 
5 
6 

I 
9 



i"5 
3-1 

4* 

6- i 

7- 7 

ia-8 
12-3 
13 3 
15-4 
2 3 ' I 

3° ■!) 
46-3 
61 >7 
77-2 
92-6 

108 

123 

139 



10 
11 
12 
13 
14 
IS 
16 

17 
18 

19 
20 

=5 
30 

33 
40 

45 
5° 
55 
Go 



154 

170 

185 

20t 
216 
231 
247 
262 
278 

293 
309 
3S6 
463 
54° 
617 

094 
772 
S49 

926 



Grams 

65 
70 

75 
80 

85 
90 
100 

I [0 

120 

I30 
I40 
I50 
l6o 

X 

190 
200 
250 

300 



Li j 



LOO3 
I.080 

1. 157 
I.235 

1,312 
I,3S9 

1:543 
i,6g8 
1,852 
2,006 
2,160 
2,314 
2,469 
2,6z± 

2,77^ 
2.93 2 
3,o8G 

3.356 
4.628 



TABLE XXI. 
Grams into Avoirdupois Ounces and Grains. 




Weights and Measures 

TABLE XXII. 
Grams into Apothecaries Ounces and Grains. 



35 
4° 
45 
50 
55 
60 

65 
70 



90 

95 
100 

no 



So 

137 
214 

292 



446 

43 

120 

197 
275 
352 

.(2Cj 

1D 3 
25S 



130 
140 
150 

I&o 

1 90 
200 
250 
300 

350 
400 

450 
500 



nr. 




q 

■J 


412 


4 


86 


*l 


240 


.[ 


394 


B 
J 




5 


2 = ., 


5 
6 


378 
52 






s 


18 


9 


308 


II 


no 


12 


4 tz 


It 


36 



TABLE XXJII. 
English Minims. Drachms and Fluid Ounces to C.C.s. 



Mr: it;;:. 




Deafen. 


CC. 


Ounces 


ex. 


I 


0-059 


I 


3-55 


I 


28-41 


2 


o-ii8 




7-10 




42-6 


3 


0-178 


I 


10-65 




56-8 




a '237 


4 


14-21 


i 


8j -2 


I 


0296 


5 


17-76 




II3-6 




°'355 


6 


21-31 


5 


I42-O 


I 


0-414 


I 


24-86 


6 


I70-5 




0474 




28-41 


7 


198-9 


9 


°-533 






3 


22 7 '3 


10 


0-592 






9 


=55 "7 


IS 


089 






10 


284-1 


zo 


fiB 






11 


312-5 


25 


1 -48 






12 


34°-9 
369'4 


3° 


177 






r 3 


33 


3 o 7 






14 


397-S 


40 


2-37 






15 


426-2 


43 


z-G6 






16 


4546 


50 


2-96 






17 


483-0 


55 


3 -26 






18 


511-4 


60 


3-55 






19 
W 


339-8 

56S-2 
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TABLE XXIV. 



■ *"—'- 












I 


0-062 


I 


-J / 


r 




2 


0-123 




7 '39 


2 




3 


0-1S5 


"3 


1 1 "09 


3 


88-72 


4 


0-246 


4. 


1479 




118-3 


5 


030B 


5 


18-48 






6 


0-370 


6 


22-l8 


& 


177-4 


7 


0431 


7 


25 -88 


7 


207-0 


8 


0-493 


8 




s 


236-6 


9 


0'555 






9 


2662 


10 


0616 






,0 


=957 


2Q 


1-232 




12 


354 '9 


3° 


1 848 






14 


414-0 




2 465 






16 


473-2 




3-081 






The U.S. 


A. Pint is 




3-697 






i(j ounces. 



TABLE XXV. 
American Minims, Drachms and Fluid Ounces to 
English Minims, Drachms and Fluid Ounces. 



Acicr. 
Minims 



Mtatms 



Amir. 



I 

3 

A 

5 

6 



9 
10 
20 
30 
40 
50 
60 



1- 04 

2- oB 

3- i3 

4- 16 

5- 20 

6- 25 

7- 29 

8- 33 

937 
10-41 
20-82 

31-23 
41-64 

63-45 



Note :- 



E:i:lisli 
Dratl.il.-. and 



Amrr. Fl. Ol. 

ft, Gz. and Mini=u 





dr. 


mil] . 


J 


I 


2* 


2 


2 


J 


3 


3 


7i 


■( 


4 


10 


5 


5 


12 


6 


6 


Mi 


I 


7 


i? 




8 


19} 





□ Z. 


min. 


t 




191 


2 


2 


39 


3 


3 


59 


4 


■1 


73 i 


5 


5 


98 


6 


6 


118 


I 


7 


"37 




8 


157 


9 


9 


177 


10 


JO 


196 


12 


12 


236 


*2 


\i 


275 


16 




3H 


2D 


20 


393 


32 


33 


148 



U.S.A. pint ia 16 ozs. American ; U.S.A. quart is 32 02s. American ■ 
U.S.A. gallon is 128 ozs. American. 
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TABLE XXVI. 



C.C.s. into English Fluid Ounces and Minims. 



C.r. 


Ot». Mens. 


C.c. 




Him. 


C.c. 


u& 


HUir. 


o-i 


: '7 


55 


I 


449 


35° 


12 


153 


0'2 


T4 


60 


2 


54 


375 


13 


95 


©■a 


S'l 


f>3 


2 


138 


400 


14 


37 


0-4 


6-8 


7° 


2 


223 


42 S 


■4 


460 


8'5 


75 


2 


3°7 


45" 


15 


402 




10* i 


80 


2 


392 
476 


475 


16 


345 


try 


U'8 


85 


2 


500 


17 


287 


o-8 


13-5 


Oo 


3 


81 


5^5 


l8 


230 


0-9 


15-2 . 


95 


3 


165 


550 


IP 


172 


i 


ir>- 9 


1QO 


3 


250 


575 


20 


1 14 


3 


33'B 


1 IO 


3 


418 


600 


21 


56 


3 


50V 


120 


4 


107 


625 


22 


0 


4 


67-6 


125 


4 


192 


650 


22 


421 


s 


8 4 -5 


■3° 


4 


276 


6> 5 


23 


364 


6 


101*4 


140 


4 


445 


700 


24 


30 S 


7 


11S-3 


150 


5 


■34 | 


725 


25 


248 


8 


135-2 


1 00 


5 


303 


750 


26 


190 


9 


15a 


I70 


5 


472 c 

76 


775 


*7 


133 


to 


169 


175 


6 


800 


23 


75 


'5 


253 


ISO 


5 


161 1 

33° 


825 


29 


iS 




33S 


190 


6 


850 


29 


440 


*5 


422 


200 


7 


20 


«7S 


30 


382 


3° 


1 27 


225 


7 


441 


900 


3t 


325 


3? 


1 in 




s 


3S4 1 


92 5 


32 


267 


40 


1 19G 


275 


9 


326 1 


950 


33 


210 


4 5 


1 280 


300 


10 


268 1 1 


975 


34 


I S 2 


5" 


I .lf>5 


325 


11 


210 


1,000 


35 


94 
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TABLE XXVII. 

Grains or Grams of Crystalline Sodium Carbonate to 
Grains or Grams of Anhydrous Carbonate. 



Ojif. 



,-r r:JiyJ>. 



Cryif. 



4*1**. 



■ Ii:i".jff. 



5 

s 

IO 

15 

20 
*5 
30 

35 
40 
■15 
50 
55 
60 
70 



1- 85 

2- 22 

2'QG 

370 

5-513 
7-41 
9-26 
It'll 
129 

I.fS2 

1667 
18-52 

20-37 
22-23 

25 93 



I 5 
So 

QO 

IOO 

I20 

140 

I0O 

1S0 
200 
250 
300 
35° 
400 

-(50 
500 



2 7-/S 
20 -(".4 

3334 
37-°5 
44 --15 
51 -S6 

59'27 
66-68 

74-09 
32-61 
in 1 

1=07 
143-2 
166-7 
185-2 



600 
700 
Soo 
900 
1,000 
1.500 
2,000 
3,000 
4,000 
5,000 
6, 000 
7,000 
S.000 
9.000 
10,000 



I 



2223 

259 3 
2g6-4 

333 4 
37°-5 
555'7 
740-9 
1,111 

I, 4 S2 
1,852 
2,223 

2.593 
2,964 

3-334 
3-705 
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Weights and Measures 



TABLE XXVIII. 

Ounces of Crystalline Sodium Carbonate to Ounces 
and Grains of Anhydrous Carbonate. 



Auky Ji on; 



AnkyJmui 



Oz. (Av.) -tnd Grain O;. ( Ajio I li . ) O ( \p°th .) ar. J Gra i i v. 



— 40-5 

— Si-o 

— ■ I21'6 

— 162-1 

— ZO2-0 

— 2836 

— 324-2 

— 3&4 7 

— 4°5"2 

a 

49 

So 
130 
170 

211 

251 

292 

332 

373 
413 
16 

57 



13S 
179 
219 
260 
300 
341 

m 



1 - 



•14-5 

sa.9 

I33'4 
177-8 

222*3 
2flG"7 
3II-2 



2 
2 
% 

3 

2 
a 
2 
2 

2 
2 



— 400- r 

— 444-5 
9 

53 
98 
ria 

187 
231 
276 
320 
365 
4°9 
454 
18 
62 
107 

151 
19G 
240 
2S5 
3Z9 

374 
418 

4<i3 
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TABLE XXIX. 



Grains or Grams of Aniiydrou5 Sodium Carbonate to 
Grains on GRAMS of Crystalline Carbonate. 







.i.'.Jj-Jrsut 


Crytu't 


.4oky.lrnu, 


CryiUU 


5 


13 i 


1 

So 


2l6 


375 


1,012 


8 




90 


-43 


400 


i,oSo 


IO 


27 


100 


270 


425 


M47 


*5 


.[(J l , 


120 


3=4 


450 




20 


54" 


140 


37H 


500 


I.350 


*5 


&71 


160 


43-2 


60O 


1,620 


30 


81 


1S0 


4SO 


700 


I.890 


35 


J 1 


200 


540 


MOO 


2,l6o 


40 




225 


607 


OOO 


2,430 


-J5 




250 


675 


1,000 


2,700 


5° 


135 




It 


2,000 


5,399 


55 


148 


300 




3,000 


8,099 


60 


1 62 




877 


4,000 


io,7gS 


70 


189 


35o 


945 


5,000 


13.498 
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TABLE XXX. 

Ounces of Anhydrous Sodium Carbonate to Ounces 
and Grains of Crystalline Carbonate. 



.!... (A*, nr 



Cryttallutt 



to. (Av.J and Gr. 



O:. (Apoth.) 02. (Apoth) audi fir. 



2 

-i 

3 

3i 
3i 

3l 

■ \ 

3 

$ 

Si 
5i 



I 

-> 

3 
4 
4 
5 
6 
6 



s 

9 

ID 
IO 

II 

12 

12 

n 
1+ 
14 
15 

IG 



155 

II 

306 

IN 

317 
175 

3 l 

328 

43 

338 

196 
54 
349 
207 

65 
360 
218 

76 

37i 
229 

SG 



2 

2 i 

2 i 

31 

4 

a 

4l 

i 

5i 
6 



I 

2 
3 

3 
4 
4 

5 
6 
6 

7 
8 
s 

10 
10 
11 
12 
12 
13 
14 
H 
15 
16 



168 
12 
33s 
180 

348 
192 

35 
359 
203 

47 
37 1 
215 

59 

383 
227 

71 
395 
239 

33 
4t>7 
251 

95 
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Grams 


Graii:.i 


■ 


, 1 1-41 


21 '8 




• ! 2-83 


43-6 




. . 5-65 






11-38 


175-4 




i.Vii 


218 




. : 2-84 


4375 


■ 


. , 


«7'5 




• : 9'44 


145-8 



Weights and Measures 

Makeshift Weights. 

Coins as Weights. — In the absence of proper weights, cuius 
may be pressed into service. The weight of the various coins 
is as follows : — 

Threepenny piece (silver) 
Sixpence 
Shilling 
Florin 
Half-Crown 
Farthing 
Halfpenny 
Penny 

Even fractions of an ounce may be made up as follows : — 

1 oz, {Avoir.) =5= one halfpenny and one threepenny piece. 
4 = two halfpennies and a farthing. 

1 ,. = three pennies (or five halfpennies). 

The weights given for coins apply with exactitude only to 
those that are new and unworn. 

Copper Wire.— The needs of the electrical industry have 
resulted in the production of capper wire of a high standard 
of uniformity. By simply measuring off suitable lengths of 
bare copper wire of the correct gauge, quite accurate weights 
may be prepared. The following two tables give the lengths 
required for weights of convenient values both in grams and 
grains. Higher accuracy is obtainable by choosing the thinner 
wire where the tables give alternatives ; quite a long length 
of 30 or 24 s.w.g. wire can be rolled up into a small space. 
18-gauge wire is too stiff to roll up readily, though it can be 
doubled easily enough by bending ; r 2 -gauge wire is really a 
thin rod. It is best dealt with by cutting into short lengths, 
finally binding these into a bundle with 30-gaugc wire. The 
weight of the binding-wire can easily be allowed for by cutting 
the thick wire a shade short. 

If working in grams, a set of weights should include o-oi, 
0 02, 0'05, o-i, o-3, 0-5, 1, 2, g, 10 and 20 gms., and two 
each of the O'Oi, o*i, 1 and 10 gm. weights should be made. 
If working exclusively in grains, a corresponding set would 
he 4, 1, i, 5, 10, 20, 50, 100, 200 and 500 grains, and again 
ihould include two each of I, 10 and loo-grain weights. 
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Scruples, drachms, quarter-ounces, half-ounces, and ounces 
can be added if required. 

Weights carefully made from copper wire can be relied 
upon within very close limits, and are fully accurate enough 
for all photographic work. Their accuracy, however, is only 
retained as long as they arc substantially uncorroded. 



Lengths of Wire roit Use as Metric Weights. 



". 'hi [jj 


in' 1 n rm ^ 




ifl L'.w.tji, cms. 


- 


O-OI 




O4G 






0 02 




0-92 


- 




0-05 


7-23 


2-30 


048 




O-I 


14-46 


4-60 


096 




0-2 


28 -ga 


9-19 


i-93 


0-41 


o-5 


7^-3 


22-98 


4-82 


1 03 


I 


144-6 




9 65 


2-06 


2 


289-2 


91 go 


19-3 


4-13 


5 




229-75 


48-2 
9f>-5 


10-3 


IO 






20-6 


20 






1 193 


41-2 


50 








103 


roo 








20 6 



Lengths of Wire tor Use as English Weights. 



Wrfebb is ■:..!::■:. 


JO t.W.£. 

[laches) 


93$ 


10 i.W.R. 


11 J.W.K. 

(torba; 


1 


! 0-92 


_ 










o-59 






1 


3G8 


1-17 






3 


7-3^ 


2-34 


0-49 




5 


18-40 


5-86 


1-23 




10 


36-8 


1 1 -71 


2-46 


0-52 


20 'i scruplu) 


. 73-6 


23-42 


4-92 


I -05 


30 (| drachm) 


rio-4 


35'I3 


7-38 


r-5 


5° 


184 


58'55 


12-3 


2-63 


60 (1 drachm) 




7026 


14-76 


3-15 


80 




03-68 


197 


4-20 


100 

rogi (J oz, Av.j 




117-1 
128-1 


24-6 

2&-9 


5 25 
575 


120 (i oz. Apoth.) 




14052 


29-5 


630 


200 


■ 




49-2 


105 


2i8i (J oz. Av.) 






53-8 


11 -5 


240 (J oz. Apoth.) 






59 0 


J B -C* 


437i (1 o*. Av.) 








23O 


480 (1 oz. Apoth.) 








25-2 
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Wellington Intcnsifler 



Wet Collodion Process 



Wellington Intcnsifler. See Intensification. 

Weston Speeds. Sic GrtptWtjff** btlaern OftUr System s 
under Smxsi'i qmki t;v. 

Wet Collodion Process. Either negatives or positives can 
be produced ; and the hitter, when taken upon thin enaraellcd- 
iron plates, arc known as ferrotypes or tintypes. The following 
is a short risitml of the process : — A well-cleaned glass plate is 
coated with iodised collodion, and as soon as the collodion lias 
set, this coated plate is immersed in a bath made as follows : — 

Silver nitrate . . .240 grs. (24 gms.) 
Potassium iodide . . . 1 gr. (o'igm,) 
Distilled water S ozs. (350 c.c.) 

Dissolve the silver salt in 2 ozs. (100 c.c.) of water, and the 
potash in h oz. (25 c.c). Add the latter to the former, anti 
add the remainder of the water. Filter, and test for acidity. 
If blue litmus paper is not turned red after an immersion 
of some short period, a few drops of a dilute nitric acid (1 in 
12) should be added till the bath is decidedly acid. The plate 
is exposed whilst still wet, reckoning the speed of the plate 
as about 5 St. & D. For development either of the following 
may be used : — 

No. 1. 

Ferrous sulphate . . k oz. (25 gins.) 

Glacial acetic acid , . . i ,, (25 ex.) 
Methylated spirit . . . I „ (25 c.c.) 
Distilled water . . .10 ozs. (500 c.c.} 

No. 1. 

(For short exposure mid detail.) 



Ferrous sulphate 
Glacial acetic acid 
Formic acid (sp. gr. 
Methylated spirit 
Distilled water 



300 grs. (34 gms.) 
. 200 mins. (23 c.c.) 
1-060) . 100 „ (11-5 c.c.) 

■ 240 <?T5 cc.) 

. 10 ozs. (500 c.c.) 



Ferrous sulphate 
Glacial acetic acid 
Lump sugar 
Methylated spirit 
Distilled water 



No. 3. 

(For long cxpowrc and contrast.) 



6 9 S 



200 grs. (23 gms.) 
180 mins. (20 c.c) 
100 grs. £xi*5 gms.) 
240 mins. (27-5 c.c.) 
10 ozs. (500 c.c.) 



Wetting Agent 



Wide Angle 



To develop the exposed plate, it should be fixed upon a 
pneumatic holder and a little of the developer poured evenly 
on to the surface and gently rocked backwards and forwards 
till the image is sufficiently developed, when it may be poured 
off. The image nearly always requires intensification for 
negative work, and the following may be used : — 

Ferrous sulphate . . . 5 grs. (1-15 gms.) 
Citric acid . . . . 10 „ (2'3 gms.| 
Distilled water . . 1 oz. {100 c.c.) 

Add immediately before using a few drops of — 

Silver nitrate . . .10 grs. {2'3 gms.) 
Distilled water 1 & (ioo c.c.) 

Pour on to the unfixed negative, and rock backwards and 
forwards till dense enough. Then fix in— 

Potassium cyanide . . 120 grs. (13' 5 gms.) 
Distilled water . . ,10 ozs. (500 c.c.) 

Wash thoroughly, dry, and varnish. 
See also Collodion Processes. 

Wetting Agent. Substance which, when added to water 
in small quantity, reduces its surface tension, so enabling the 
water to run freely over a surface and wet it evenly without 
forming drops. Wetting agent in a developer ensures even 
and instant wetting of the film and absence of airbells, while 
in the final wash- water it causes the adherent water to run 
smoothly off the film when hung up to dry, ensuring more 
rapid drying and absence of drying marks.' Added to dyes 
or tints it enables them to " take " readily on the gelatine of 
even a dry print. 

Wide Angle. Term applied to a lens embracing an angle 
of view that is wider than usual. As the usual angle of view 
is that given by a lens the focal length of which is roughty 
equal to the diagonal of the negative, any lens of shorter focal 
length than this is classed as a wide-angle lens. A lens of 
focal length 3 ins. would be classed as a long -foe us lens when 
used on a 3 x 4 cm. negative (diagonal = 2 ins.) as a lens of 
normal focal length when used on a V.P. negative (diagonal = 
3 ins.), and as a wide-angle lens when used on a quarter-plate 
(diagonalJ= 5fc ins.) 

As a photograph is only seen in correct perspective when 
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viewed from a distance equal to the focal length of the lens 
with which it was taken (.see Distortion and Perspective), 
tlie usual rather " exaggerated " perspective common to most 
photographs is enhanced when a wide-angle lens is used. 
Nevertheless, it has to be used when it is necessary to include 
the whole of a subject from an inconveniently near standpoint. 

A defect common to alt wide-angle lenses is a falling-off of 
illumination towards the margin of the picture. Apart from 
any cut-off due to the mount, or to a lens-hood or other acces- 
sory, this is an inevitable consequence of the greater distance 
of the margins of the field from the lens, and of the fact that at 
the margins the light strikes the plate obliquely. If the illumina- 
tion at the centre of the field is taken as 100, that at increasing 
angles from the centre is as given in the following table from 
Gere's Photography. 

Angle . . o* 10° 20° 30° 40* 50° 60° 
Illumination . 100 94. 1 78 .0 56.2 34. 4 17 . 1 6. a 

Experience shows that illumination may fall off to 80 per 
cent, of the maximum without becoming noticeable, and that 
even a reduction to Co per cent, is quite tolerable. These 
limits correspond to a total field of view of 36 0 and 5 6° respec- 
tively, obtained by using lenses of focal length 6.6 inches or 
4.05 inches respectively on a 3^ x 2i plate. The falling-oil 
in illumination must thus always be noticeable when a lens of 
fairly wide angle is used. Of current sizes, that embracing 
the widest angle is the 6x6 cm. size, with which a 7-5 cm, 
lens is almost always us?d (total angle = 50"), and on such 
negatives " dark comers " are common. They are usuallv 
very noticeable on contact prints, but on enlarging with a 
lens of 7-5 cms. or less focus, the loss of illumination towards 
the corners of the paper approximately corrects the fault. 

Under-exposed corners are Ed ways less marked if full ex- 
posure is given, and in that case any darkening towards the 
corners of the print can be offset in enlarging or printing 
by suitable shading, 

Wide-Anglo Lens, See Wire-Angle above; also Lens and 
Angle of View. 

Wire Release. See Shutter Release. 

Wood, Photographs on. A method of printing photo- 
graphs upon wood is as follows : First coat the wood, on which 
the print is to be made, with the following solution :— 
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Woodbury type 

Gelatine i part. 

Water (warm) 25 parts. 

to which is added sufficient zinc white to practically lude the 
grain of the wood when coated. 

When dry, brush over the surface with a solution of— 
Kitchen salt ... . . . 1 part. 

Water ....... 10 parts. 

Dry again, and then, in the dark-room, sensitise with 10 per 
cent, silver nitrate solution by application with a camcl's-hair 
mop or Blanchard brush. 

When the wood is weakly printed the image must be 
developed with the following ;— 

Metol ..... 1-5 grs. (o-i gm.) 
Acetic acid . . . .30 mins. {2 c.c.) 
Water ..... 3! ozs. (100 c.c.) 

When the image is dark enough, it is rinsed and fixed. 

If the print is being made on wood for the purpose of making 
a wood block, a reversed negative must be used. (See R-E- 
vkksed Negative,) 

Carbon prints can also be transferred to prepared wood 
surfaces. (See Carbon ; also Transferqtype.) 

Woodburytype. This is a very beautiful photo-mechanical 
process, and consists of exposing a thick him of hichromated 
gelatine to light under a negative ; and when fully exposed it 
is washed to dissolve the unacted-upon soluble portions, and 
after being soaked in alum is dried. When dry, the gelatine 
print, which at this period looks like a delicate piece of silk 
with the image in relief, is placed on to a bed of metal, and a 
pressure of from four hundred to five hundred tons per square 
inch is brought to bear on it. This forces the gelatine into the 
metal, and makes an impression just as does a seal on hot 
sealing wax, the film of gelatine itself being unharmed and 
used over and over again. The metal sheet bearing an 
impression now becomes a mould, and this is placed in a press, 
and some special liquid gelatine ink is poured on to it, and a 
sheet of non-absorbent paper placed over. The press is now 
closed, and pressure being applied, it is obvious that the ink 
will leave the high lights and collect in the shadows. When 
the gelatine ink has set, the paper is removed, bearing the 
image, and is fixed in alum and dried. 
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Wood Spirit or Wood Naphtha. This is a crude form of 
methyl alcohol (sec Alcohol, Methyl), and is used in the 
preparation of methylated spirit. The crude wood spirit ij 
sometimes used instead of alcohol as a solvent in varnish- 
making, and in certain ctnicentrntec] developers. 

Working up Prints. See Colouring and Finishing: 
also Enlarging. Bromide Paper, and Air-Brush. 
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— X — 

X-Ray Photography. See Radiography. 
Xylonfte. Another name for celluloid (q.v.). 

- Y - 

4 

Yellow Filter or Screen. See Filter ; also see 5afe- 

LlGHT. 

Yellow Fog. See Fog, 

Yellow Stain. See Clearing Bath and Stains. 

Yellowness of Prints. Sec Toning; also Stains. Sec 
also Bromide and Gaslight Papers, and Fading. 

— Z - 

Zapon Varnish. A trade name applied to celluloid varnish, 
[See Amyl Acetate.) 

Zincography, See Photo-Mechanical Process. 

Zoo Photography. The increase in the number of zoological 
gardens m recent years lias helped to popularise the photo- 
graphy of animals in captivity, and in Britain nearly all these 
zoos permit photographers to use hand cameras and sub- 
standard cine cameras on their premises. The only restrictions 
imposed are those that apply also to non -photographers, such, 
for example, as forbidding them to climb over barriers. 

When the zoological gardens are privately owned (that is, 
owned by a private citizen or a commercial company) or 
belong too scientific society (as do the zoos at London, Edin- 
burgh and Dublin), enquiry should always be made as to 
possible restrictions on the photography of certain exhibits. 
Municipal and state-owned zoos usually tell visitors the position 
by notices at the gate. 

From the photographer's point of view no two zoos are alike, 
and the differences in lay-out and arrangement of the exhibits 
make some subjects difficult in one zoo and comparatively 
easy in another. For example, the polar bears on the open- 
fronted Mappin Terraces in Regent's Park are easy subjects 
for the camera ; at Whipsnade, where the bears are surrounded 
by tall iron railings with an iron-work barrier outside them, 
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the bears are difficult to photograph well, unless the photo- 
grapher makes friends with a member of the menagerie staff 
and is taken inside that outer barrier. 

The chief problem of the photographer who seeks good 
pictures is the presence of the various bars and barriers ; 
these, and their shadows, spoil animal portraiture. So do the 
ugly backgrounds. 

Fine-mesh netting such as is used to confine birds and 
some of the less powerful animals need be no obstacle. If the 
camera has a lens of aperture /Y4.5 or //6.3, and the photo- 
grapher is able to press his lens lirmly against those wires, 
the will not appear in the negative. Hold the camera 12 
or 16 inches or more away from the netting, and it shows as 
an out-of-focus pattern over all the negative ; but when the 
lens is pressed close against the wires they are so far out of 
focus that they fade out of the picture entirely. This applies 
to thin-gauge wire netting, and not to stout iron bars. 

In London, Bristol, and Dublin and other zoos, lions, tigers 
and leopards are kept behind stout bars, and there is only one 
way of dodging those bars, — the photographer must persuade a 
keeper in that section to take him inside the outer harrier so 
that he can poke his lens between the bars, while the animal is 
kept in control by the keeper, whom he knows and trusts. 

At Whipsnade, Edinburgh and Dudley 2005 some of the lions 
are in enclosures, which gives the photographer a chance to 
point bis camera through the fencing with a clear field of view, 
while the camera (and its holder) is well out of the animal's 
reach. But that generally means that the lion or tiger is a 
long way off — say 20 ft. or 40 ft., a fact which means a small 
image on the plate if a lens of normal focal length is used. 
For such work as this the modem telephoto lens is ideal, and 
much of the best animal photography in such cases is done 
with a lens of focal length from two to three times the diagonal 
of the negative, preferably used in a reflex camera. 

If some subjects in a zoo arc difficult, others are as easy as 
any other kind of snapshotting. Elephants out of their homes 
and walking along the zoo paths ; camels 011 the patlis or on a 
lawn ; monkeys in large and accessible cages, and large birds 
in big aviaries, — these are as easy to take as a cart-horse in a field. 

Houses with a dark interior, such as some of the reptiliarics 
and the aquariums, in which the creatures are viewed by 
artificial light, are admittedly difficult subjects, and many 
of the best pictures of these are taken on fast pan film by 
miniature cameras using //1.5 or //a lenses, with slow 
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automatic exposures whic.li arc successful only when the 
creatures arc still. 

Amateur workers inexperienced in the difficulties of zoo. 
work will find their best subjects in the open enclosures, 
but there, even with easy subjects such as sitting bears and 
wolves, camels, antelopes, bison, eagles and vultures, they 
often come up against the problem of the bad background. 
One way out is to choose a moment when partial back lighting 
with the sun at the photographer's right or left front) throws 
the background into shadow and helps the creature itself to 
stand out clearly, with its outlines edged by the bright light. 

A (jooti zoo portrait requires (i) a good negative, obtained 
by generous exposure and development suited to the paper 
to be used ; (2} satisfactory rendering of texture of fur or 
feather; (3) good modelling of the creature — that is " correct 
drawing." 

The last point is important. By " correct modelling " 
is meant the shape of the creature, and the avoidance of a 
distorted rendering. You can distort the shape of an animal's 
head by pointing the camera steeply upwards in a close-up ; or 
by taking an " end-on " animal with the creature too near the 
camera, so that you get the head of a cat and the haunches of a 
young kitten. (See Pkusfective and DlsTOKTiON.) 

When the subject has a wide range of colour, as w ith certain 
birds, panchromatic material (with a two-times filter) is best ; 
but for most subjects in a zoo a good " chrome " film or 
truly ortho plate will suffice, as there is little of the real red 
range of colours among jungle animals. 

Reflex cameras are the regular outfit of the zoo photo- 
grapher of experience, but some of the newer generation have 
adopted the miniature camera with a big-aperture lens and at 
least one long-focus lens. 

Amateurs who undertake a little " free-lance " work in 
the hope of selling pictures for reproduction should note that 
there is always a demand lot first-class zoo studies ol the more 
interesting creatures. (See also Nature Photography.) 
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